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Generating station and wharf construction for 


the British Electricity Authority at Plymouth, Devon 


One of the most important undertakings in the post-war reconstruction of Plymouth is the new 
£3 million generating station, with its 300-ft. high chimney shaft and the new wharf with a 580- 
ft. frontage on the Cattewater Estuary. The concrete decking of the wharf is carried on pre-cast 
concrete piles, some of them 87-ft. long and weighing 14 tons each. The bracings are in rein- 
forced concrete cast on the site. Considerable rock breaking and dredging operations were necess- 
ary in constructing the underwater foundations for the wharf, and divers were employed for a 


large amount of underwater rock blasting. 
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New machine house for South African Pulp and Paper 


Industries Limited, Springs, South Africa 


At Springs in the Transvaal, South Africa, this new machine house is under construction 
for the South African Pulp and Paper Industries Limited. The main works is in rein- 
forced concrete construction with brick panels, and the contract includes the construction 
of high density storage tanks, also a reservoir for the storage of water to supply require- 


ments of these works. 
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Cofferdam and river intake works 


in the Cattewater Estuary, Plymouth, Devon 


Inside this cofferdam in the Cattewater Estuary, Plymouth, the water intake works 


is shown under construction to supply cooling water to the new generating station. 


The cofferdam is 124-ft.in length and 56-ft.in width and work is proceeding 25-ft. 


below high water level, on a mass concrete foundation up to 20-ft. in depth. 
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Amphitheatre at the Voortrekker Monument 


Pretoria, South Africa 


The Amphitheatre at the Voortrekker Monument, Pretoria, was one of the earliest 
important contracts completed by this company after its establishment in South 
Africa. On the 16th December, 1949, some 250,000 people from all parts of the 


Union assembled to take part in the dedication and opening ceremony of the 


Voortrekker Monument. 
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A New Approach to the Elastic Analysis of 


Two Dimensional Rigid Frames” 


By Arthur Bolton, M.Sc.Tech.(Graduate) 


, Summary 


Slope Deflection, Moment Distribution, and Relaxa- 
‘ion are the most widely used methods of solution of 
rigid frames, but each requires a great deal of labour 
for larger structures, Possibly the main cause of this 
lifficulty is the need to consider two types of deformation 
of the structure, rotation of joints and sways. At 
present these are dealt with by considering them as 
separate unknowns. 

This paper shows that it is possible to consider the 
effects of either a rotation or a sway as a pattern of 
bending moments and forces. Thus there is no need to 
consider two types of unknown, but the solution can be 
carried out entirely in terms of one. This new concept 
of the unknowns reduces enormously the time required 
for any solution. 

Each of the methods mentioned solves the same basic 
equations, but in different ways, having advantages and 
disadvantages compared with the others. By suitable 
combination of parts of different methods a further 
saving of labour is obtained. Moreover, solution of one 
problem on a structure in this way will yield the greater 
part of the solution of any other problem on the same 
structure. Hence it becomes economically possible to 
consider many load cases on a large structure. 

It is expected that the method described will greatly 
reduce the time and labour required for the design of 
structures and that this saving will increase in propor- 
tion to the complexity of the structure. 


Introduction 


‘The development of the analysis of rigid frames in 
recent years has been as follows :— 


r. Strain Energy showed that the problems could be 
reduced to obtaining the solution of a set of simultaneous 
linear equations ; gave methods of finding the necessary 
equations ; and showed that a sufficient number of 
equations could always be obtained.’ 


2. Within the limitation that deflections due to shear 


forces and axial forces were ignored, Slope Deflection 
systematised and simplified the equations, and enabled 
the first practical solutions of certain problems to be 
obtained. By taking one member at a time and con- 
sidering the end slopes and deflections a more easily 
visualised system of unknowns was obtained.* 


3. Once the problem had been reduced to that of 


solving a set of simultaneous linear equations a start 
“was made on improving mathematical methods, leading 
to solution by Remainder Distribution and Matrices.® 


4. At the same time Type Solutions were considered. 
Some general and many special case solutions were 
obtained. The use of symmetrical and anti-symmetrical 


*Paper to be vead before the Institution of Structural Engineers at 
11, Upper Belgrave Street, London, S.W.1, on Thursday, January 
24th, 1952, a¢ 6 p.m. 


loading, etc., extended the range of problems which 
could be solved.* 


5. An entirely different outlook was given by Moment 
Distribution. The problem was attacked in a series of 
physical steps, each of which could be calculated, the 
exact solution was approached as closely as required by 
successive corrections until the range of uncertainty was 
within the limits of uncertainty of the data.® 


6. Relaxation again considered a series of physical 
steps but considered the solution in terms of displace- 
ments of the structure. It is much more general and 
powerful than Moment Distribution and allows much 
more freedom of procedure. Apart from strain energy 
it is the only method which can take account of shear 
and axial forces.® 

Of these methods Moment Distribution has attracted 
the practical engineer and has hardened into a routine 
which may be used automatically by draughtsmen. 
Whilst this is very convenient from some points of view 
it is unfortunate from others since a great deal of the 
tedious arithmetic implicit in routine solutions can 
often be avoided. In particular, the very powerful 
methods of Relaxation have not been popularised, 
although they can be used with advantage in ordinary 
structural problems. 


Consideration of the Various Methods 
Slope Deflection and Type Solutions 


The standard method of Slope Deflection is to express 
the bending moments at the ends of members in terms 
of rotations and sways. The ruling formula is :-— 


2EI 38 
Mas = —| 2 see iy 5 | + MFas 
Ib iE 


where MF az is the fixed end moment due to any loads 
in span AB. Positive displacements are indicated in 
Fig. 1, and clockwise moments at joints are accounted 
positive. 


a 


Op 
Fig. 1 


The equations used are the equations of equilibrium 
of the joints, and the shear equations. The unknowns 
solved for are the rotations and deflections of the joints. 
Finally the moments are obtained by substituting these 
slopes and deflections in the above formula. 


The disadvantages, from the calculator’s point of 
view, are the conversion from moments to slopes and 
back again to moments, and the difficulty of solving the 
simultaneous equations with sufficient accuracy. 


Type Solutions obtained by use of the same formula 
can also be used to solve these problems. The simplest 
Type Solutions are those for rotation of each joint, with 
all adjacent joints fixed, and for the sway of each storey. 
The solution of the problem is obtained by combining 
the Type Solutions in such proportions that the con- 
ditions for equilibrium are satisfied. 


These two methods may be illustrated by a simple 
example. 


L L 
2 2 


Fig. 2 


ORIGINAL FORMULAE 


Ze 38 
Map (« ) 
ye 8, 


Moa aa TES 24, ae 


2EI IBGE, 
Msc = ——[ 2% + % J — — 
- JE, 8 


2 JEL 
Mes = — ( On + 2 >) + —— 
iE 


l 


L 3 
6EI 33 

Ne ena (fee -) 
L L 


JOINT AND SHEAR EQUATIONS 


Equilibrium of Joint B. Map 4 Msc == 10) 
38 P.L? 
Therefore 493 + 0 — .— — —- == 0) «c(2) 
iz 16EI 
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Equilibrium of Joint C. Mcs + Mcs a 
gs Pa 
Therefore 68 + 88 — — + 104 Aon 
oL 16EI 
Shear Equation. Mas+ Msa+Moep+ Mpc = 0 
248 
Therefore 363 + 98 ——— == 0 5a) 
L 
I StU 
3x (1) — (2) II 03 — 50¢— —— == O11) All 
4EI 
Pate 
Boc(T) ==. (BYR. AU ae ase weenie = 01-2 to) 
PH ay 
GPL 
5x (5) — (4) 1348 a ree ae 
4EI 
9 EL 
Therefore os = se 
536 EI 
| jy Be 
co = — — = 
536 EI 
38 9 Pat? 
jie 1072 Lye 


These are the values which are substituted in the 
original formule to obtain the final solution. 


FINAL SOLUTIONS 


9 27 

Ma = — + — [PL = + —— Pf 
a 1072 536 
45 

Maa = ae oe a P.L — a ae 
e 1072 536 

7 P.L 45 : 

Waa = Es ae 
536 536 8 536 
9 14 P.L 57 

Me = 2) — — — [PLl+ — = +—PE 
ve a 8 536 
BY 

Mo — 6 = nae aats 2b = a ——P I 
= 1072 536 
15 

Moc = a Cae JPL = 
536 1072 536 


Slope Deflection with Type Solutions 


To simplify the presentation, the values of the bending 
moments are shown on drawings of the structure. 


The Type solutions taken for this problem are : 
(a) Rotation of B with C fixed 
(b) Rotation of C with B fixed 


(c) Sway of the whole frame with BC maintained 
horizontal. 


. 
{ 
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Using the Slope Deflection formule these are seen to 
sive the pattern of bending moments in Fig. 3. 

It is these three patterns which must be combined to 
obtain equilibrium with the fixed end moments produced 
by the load. Since this is so, it is necessary to consider 
only the proportions of bending moment in each Type 
Solution. The correct amount of each Type Solution 
which satisfies the problem is automatically obtained 
in the later calculations. 

The preliminary Type Solutions may thus be written 
in a proportional form as in Fig. 4. 

The problem then resolves itself into combining (a), 
(b), and,(c) in such proportions that the fixed end 


4E10, 


Fig. 3 


(id | | 
2\8 Cc B 
1jA D A 


(0) 


moments due to the load are cancelled. If these 
proportions are assumed to be x times (a), y times (b) 


and z times (c), the equations of equilibrium become :— . 


PL 

Joint B. x(2+2)+y(t) + 2(1) — Sins = ad C3 
PL 

Joint C. x(1)+y(2+6) + 2(3) + Pas a On hea) 


Shear Equation. x(2+1) + y(6+3) 


+ 2(1+1+3+3) = 0 . (3) 


I 


PL 
ine: 7 ak a ae — SOs tL) 
8 
PL 
x + 8y + 32 ey =o . (2) 
34 + gy + 8 =o . (3) 
PL 
3X (x) —(2) 11% —5y a esos {4) 
2 


Fig. 4 


3 
8x (1) —(3) 29% —y ae toe | ts) 
gPL 
5 X (5) —(4) 134” SS en ea 
2 
gPL 
Therefore x = —— 
268 
7PL gPL 
Vs re ae 2 S=S 
268 530 
I2EI6  6E18}/B C |-I8e16 
Ws E (2 
GEIG. - 6EIS -IBEIS 
= L?_jA eg) Bars 
2 
C|6 148 C}3 
D|3 yA D{3 
(c) 
Therefore 
gPL gPL 27P.L 
Mis = tc) Se ee 
gPL gPL 45P.L 
Mu = — (2) + —(@) = + —— 
268 536 536 
QPL 7PL PL 45PL 
Msc = —— (2) — (1) — ey ete 
208 268 8 536 


and so on for the other members. 


It will be seen that the form of the simultaneous 
equations is similar in each case. The static checks for 
equilibrium that Maz + Moa = 0, and that the sum 
of the Column End Moments equals the shear times the 
storey height, are still present. 


There are two advantages in the second method of 
presentation. It affords a visual representation of the 
moments due to each operation of rotation and sway, 
which enables the three simultaneous equations to be 
written down with less possibility of error. It also 
leads to simplification, even more pronounced in com- 
plex structures, since apart from demonstration, Fig. 3 
is never needed and the problem is started by writing 
down the patterns of Fig. 4. 


Moment Distribution 


The standard method is the solution step by step of 
partial problems. In the first place, if all the joints 
were fixed against translation and rotation by external 
constraints the solution could be found. But in the 
above problem, for example, B is not fixed. Therefore 
B is allowed to rotate balancing out the fixed end 
moment at B. Tnis produces a redistribution of the 
bending moments at B, and by carry-over gives half 
the appropriate balancing moment at the other end 
of members AB and BC. All these can be calculated. 

There will remain an out-of-balance moment at C. 
If B is now fixed and C allowed to rotate, a similar 
action takes place. 

The structure now requires a horizontal force at B 
or C to maintain equilibrium. If desired, the structure 
may be allowed to sway such an amount without 
rotation of B or C that this force becomes zero. This 
occurs when : 


Mis + Moa + Mcp + Mpc = 0 


and so this partial problem can also be solved. 

At the end of this first cycle, therefore, by allowing 
B and C to rotate and the whole structure to sway side- 
ways, the exvernal constraints will have been greatly 
reduced. There will still remain out-of-balance moments 
at B and C, but by continuing the process as accurate 
a solution as desired may be obtained. 

By considering these steps individually it is seen in 
fact that Moment Distribution uses the simple type 
solutions of Fig. 3, but solves by physical successive 
correction. The limitation of Moment Distribution is 
that the procedure is automatic and convergence may 
be slow in certain problems. 

Moreover, Moment Distribution does not carry the 
idea of Type Solutions to its conclusion but solves each 
particular load case as a separate problem. Example (3) 
(see later) demonstrates how much more quickly the 
solution to a number of loading cases on one structure 
can be obtained. 


Relaxation 


The procedure applied to frames is to give unit 
displacements, called operations, at each joint in turn 
and calculate the values of moments and forces pro- 
duced. For two dimensional frames there are two 
displacements and a rotation at each joint producing 
moments shears, and axial forces in the several members. 
The basic method of solution is then to relax the external 
constraints for the fixed end solution using combinations 
of the various operations. 

The advantages of Relaxation are : 

1. It is very powerful and can solve many problems 
otherwise insoluble. ; 

2. It is flexible and can be used in different ways to 
attack different problems. 

3. It is a method of successive approximation as 
opposed to successive correction. The operator is 
allowed to use his knowledge and previous experience 
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of similar problems to speed the solution. He may 
even choose to estimate the solution, and in effect start | 
with the problem almost finished without any loss of | 
accuracy. 4 

4. Extra redundancies or members add little to the 
labour of solution. 


5. Any further problems on the same structure can | 
be solved with little extra labour. 


The disadvantages of Relaxation are : 


1. There is a great deal of tedious arithmetic in 
calculating the effects of the unit displacements. 


2. There is again the labour of starting with moments, 
working in terms of displacements, and converting back — 
to moments. 


3. An error which would be obvious in terms of — 
moments may pass unrecognised in terms of rotations | 
and deflections. 


Synthesis of a New Method of Calculation 


It can be seen that if only the disadvantages of — 
Relaxation could be avoided it would be a most suitable q 
method for attacking structural problems. This can | 
be accomplished with some loss of generality. | 

For instance, in many problems extensions of the — 
members and deflections due to shear may be neglected 
(as is implicit in Moment Distribution and Slope De-— 
flection) and this saves a great deal of labour in calcu- 
lating the effects of the remaining unit displacements. 
Moreover, the second and third disadvantages of 
Relaxation can now be avoided by working throughout — 
in terms of moments and forces, using patterns as — 
obtained for the Type Solution method described. 
Fig. 4 only shows the moments, but the horizontal force — 
associated with each pattern can be obtained by dividing | 
the sum of the column end moments by the storey height. 

Constraints at a joint may be of two types, against © 
rotation and against displacement. In problems where 
sway need not be considered it is only necessary to keep 
track of the constraints against rotation. Where this | 
is so only the moment patterns need to be considered. | 
Many problems involving sway can also be reduced to | 
the consideration of moment patterns only, by the 
use of “‘ no shear ’’ patterns as will be explained later. 

The amount of either the external constraints, or the | 
internal bending moments in the members, is retained 
at each step in the calculation. For sway problems © 
where the patterns require the consideration of forces | 
it will probably be found advantageous to abstract the | 
force from the moment patterns in tabular fashion. 

In using the new method it has been found desirable 
to combine the required characteristics from amongst 
the methods outlined. Thus, a tabulation similar to 
that of Moment Distribution, the Slope Deflection 
formula for obtaining the patterns of bending moment 
for the various displacements, building up and com- 
bining these patterns to obtain more complex operations 
as in Relaxation, and the methods of Type Solutions 
are used to speed the solution. 


Summary of the Method 


The method may be summarised as follows :— 

Step 1. With all joints fixed against rotation and 
deflection the values of the various constraints, e.g., 
fixed end moments and reactions, are calculated. 

Step 2. The effects of all possible rotations and sways 
are written down one by one in tabular form, or on 
sketches of the structure as indicated before. For 
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a) ROTATION OF JOINT A 


PATTERN OF MOMENTS 


Fig. 5 


$ 


instance, in the portal of Fig. 2 there will be three such 
operations—rotation of B, rotation of C, and sway of B 
and C. These operations are obtained in proportion 
as before, with the addition of the horizontal external 
force required, which is not shown in Fig. 4. 

Two expressions only, obtained from the Slope 
Deflection formula, are needed to calculate these 
operations for frames with no inclined members. 


(a) For rotations. With fixed ends Map « Kas 
and the carry-over factor is a half. 


Kas 
, where K the 


(b) For sways Man = Mpa. 
AB 


i 
relative stiffness is proportional to— and L is the length 


of the member considered. 


Fig. 5 gives examples of such operations. 


Step 3. These separate operations are combined to 
comply with the known facts of the problem. For 
instance, in symmetrical problems the rotations of 
corresponding joints will be the same. 


Step 4. The combined patterns so obtained are used 


to relax the fixed end constraints. This may be done _ 


in three ways. 

(a) In simple problems by~the solution of simultaneous 
equations or by inspection. 

(b) By a process of working out distribution and 
carry-over coefficients for the combined operations and 
using them in a similar way to Moment Distribution. 

(c) By the normal relaxation process following 
R. V. Southwell. 

The choice of method will usually be obvious when 
this step is reached. 

The various processes have been illustrated by the 
examples which follow. It has not been possible, 
however, with so few examples, to demonstrate fully 
the flexibility of this kind of attack. 

The value of the method is thought to be in the 
extension of the field of problems which can be easily 
solved. Its utility may be judged by comparison with 
other methods of solution. 


‘7a 
‘ 


b) SWAY OF A STOREY 
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PATTERN OF MOMENTS 


Example 2 
2b 
PR Pp 

B eG 

Lowe I 

A D 
(a) (b) 

Fig. 6 


1. All fixed end moments are zero. 
2. Table of moments caused by the various operations 


| Operation Pattern of Moments i seals 
ca 
A B Cc D 
hand 
(a) | Rotation of B... j2 4/2 1 =6 
| 
| 
(b) | Rotation of C... |Z 2\4. 2} —6 
. | 
(c) | sway... Seoul 1 iI I] —4 
—-— SS SSS SS SS 1 - — I — 


F is the external horizontal force acting along BC 
caused by the operation considered, and is taken to be 
positive in the direction shown in Fig. 4 (b). It is found 
by dividing Mas, Mss, Mcp and Mpc by the respective 
stanchion lengths and adding, 

3. In this symmetrical problem %% = Uc, therefore 
operations (a) and (b) must be added in the same pro- 
portion. 


| | | | 
2 3\4 7) et © 


4. But for equilibrium My, + Myc = 0 and since the 
moment constraint at B due to operation (d) is + 7 units 
the sway operation must cause -—7 units at B. 


. ) | 
Po 3 ita +3 3s) +16 
| j 


6 a 


This gives the proportion of moments for this problem, 
but the size has yet to be fixed. However, the shear 
equation may be used, PL corresponding to +16. 


5 
Therefore My, = Mppe = —-—PL 
16 
Ms, Mic Mica —M op — a PL 


Example 3 


Fig. 7 
PL 
1. Fixed end moments — Mgc = Mczs = — 
4 
2. 
3 Pattern of Bending 
panes Moment produced ee es 
A 85 C D 
(a) | Rotation of B... /o 4: A, o| —I.5 
(b) | Rotation of C... jo ol 2/3 o| —3 
(c) | Sway ... pee |0 10 o4 o| —4.5 
i ' 


3. It is known that there is no horizontal constraint 
provided to maintain equilibrium. Therefore F = o. 

Operations (a) and (b), and (a) and (c) are combined 
to make this so. 


4. Operations (d) and (e) can be used to relax the 
fixed end moments for any position of the load. More 
general expressions can be obtained by combining (d) 
and (e) to obtain two operations, in one case with 
My = 0 and in the other with Mc = o. 

To obtain them the total moments Mz, and Me in 
(d) and (e) are considered. 

In (d) Ms = 13 Me = —I 
In (e) Mp = 20 Me = +2 


' always be found that pairs of operations like (f) and (g) 
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fo) +sl-s Bea ist fo) 
a ad ES. sr Saat ae 


(f) | (d) x 10 —(e) x 64 
)|@ +x F fo 


Operation (f) will relax +23 units of BM at C without 
affecting B. 

Operation (g) will relax —23 units of BM at B without 
affecting C. 

When obtained in the lowest multiple form it will 


relax the same amount of bending moment numerically | 
at B and C. 

It is of interest to note that so far only the properties 
of the structure have been used in the calculation ; the 
moments caused by the load have not yet been con- 
sidered. 

In the problem given F.E.M. at B = —F.E.M. at C. 

Therefore the operation which will relax the F.E.M.s 


is f + g. 


(h) | (f) + (g) ° 4+18)+ 5h | 
add F.E.M ie 
| | | | ae 
Final B.M.s ° +x8\—18 +9—9 dl 
PE 
But the original F.E.M. was not 23. 
: + 
Therefore 
27 6 0) 
Maa = —Mac = Lone — = — PL 
4.23 46 
PE 9 
-Mcs = —Mo = 9 X SS = PL 
4-23 g2 


If the solution is required for some other loading case, 
say with the load at a quarter point as in Fig. 8, opera- 
tions (f) and (g) are still used. 


i 
2 


3L 
2 


Fig. 8 


—— 


g S 
1.. F.E.M.s Mpc = — |— PL Mcp =-+4+ — PL 
32 32 
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4. The appropriate operation will now be (f) + 3 x (g) 
since three times as much moment is to be relaxed at B. 


(=F -3 << (e) © +38|/+3%-—4.| —E& 
Add F.E.M. —69+ 23} 
Final B.M.s o -+38\—38+19| —19 9 


ee 


g 
But 69 corresponds to —- PL 


; 32 
Therefore 9PL 57 
Mpa = —M re = 38 x = —— PL 
32.69 368 
gPL 57 
Mes = —Men = 19 X = —— PL 
32.69 736 


Likewise any other loading case could be quickly 
solved. 

Alternatively by using general expressions for the 
F.E.M:s the influence lines for Mpc and Mcp could be 
obtained. ‘ 


Example 4 


SHEAR x STOREY 


PATTERN OF MOMENTS 


7 


The figures against the members of the frame in 
Fig. 9 (a) denote the relative stiffnesses. These are over- 
simplified for a practical case where fractional values 
would be required. This involves very little extra 
labour, but the derivation of the following patterns is 
more clearly seen when whole numbers are used. 


r. All fixed end moments are zero. 


2. In this ease it is expedient to write the patterns 
of bending moment on drawings of the structure. 

As the structure is symmetrical, A and A’ for instance 
will rotate the same amount. Therefore rotation of 
both joints can be dealt with on one pattern. 


Patterns for Equal Rotation of A and A’, B and 


B’, etc. 
ii i: jan eit 
ie} ot ess D 
I | 
Cc ¢ D ip) E 
Fig. 10 


The figure “ 3”’ for the moment AA’ in the first 
pattern is made up of 2 units from the rotation ot A, 


HEIGHT FOR SWAY ; : . , BE 
A and 1 carried over from the rotation of A’, and similarly 
oe with BB’, CC’ and DD’. 
Pattern for Sway in any Storey 
24P 
fhe Fig. 11 
3. One way of tackling this problem is to allow the 
structure to sway without any joint rotations giving 
Fig. 9 the moment pattern of Fig. gb. This gives a pattern 
TABLE 1 
E D Cc B A 
AG, B U L B U i B U 1G, B 
Dist. Coef. .09 .82 .09 oh) 80 07 07 . 86 07 14 86 
Sway B.M.s —18 —18 Co) —1I10 —1I10 oO —6 —6 o —2 —2 o 
| | } 
Balance fe) +2.52 | +22.96| +2.52 || +2.08 | +12.80) +1.12 || +.56 +6.88 | +.56 L 28 +1.72 
Carry Over —2.52 o —2.08 || —2 —.50 —I.12 —.28 —.56 
Balance oO -+.18 +1.72 | -+.18 + .40 +2.48 | --.20 +.10 +1.20 |} +.10 + .08 +.48 
Carry Over —.18 o —.40 —.18 —.10 —.20 —.08 —~.10 
Balance fo) + .04 -- 432 | -F.04 + .04 tria2e + .02 + .02 +.24 | +.02 || +.01 + .09 
| 
Carry Over —.04 . | 
Total B.M. —20.74|| —15.26| +25.0 | —9.74 || —10.18} +15.50) —5.32 —6.64 | +8.32 | —1.68 || —z.29 | +2.29 
| 


8 : 

which complies with the shear equation_but, which has 
an out-of-balance moment at each joint. These out-of- 
balance moments can be relaxed by rotations but the 
total of the column end moments for each storey must 
not be altered. Hence the required “‘ no shear ’’ patterns 
are those in which the sum of the column end moments 
is zero. In the pattern for rotation of A and A’ for 
instance in Fig. 10, the sum of the column end moments 
is 6. In the pattern for sway Fig. 11, the sum of the 
column end moments is 4. Therefore 1} times the 
sway pattern must be subtracted from the first rotation 
pattern, giving the “no shear”’ pattern of Fig. 12. 


Combined * No Shear ” Patterns 


Fig. 12 


From these “no shear” patterns the distribution co- 
efficients are calculated. For example, at joints A and 
A’ the out-of-balance moment will be distributed so that 


| 


or .86 is carried by the beam. 


Oo 
role 


The carry-over. factor for the stanchions is seen to be 
—I in each case. 

4b. When the distribution coefficients have been 
obtained the sway moments of Fig. gb are entered as 
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the first line of a normal Hardy Cross type distributior 
in Table 1. If P is measured in tons the final line o 
Table 1 should be multiplied by P to give the solution 
in tons feet. | 


Example 5 (Fig. 13) 


The structure of Fig. 13 (a) is symmetrical about its 
vertical centre line, so only, half of it needs to be con- 
sidered. The figures against the members in Fig. 13 (a) 
denote the relative stiffnesses. The wind load case has 
been chosen because in general this is the most difficult 
case to solve. In a practical problem it would be as | 
easy and probably more expeditious to work in decimal 
distribution coefficients from the start. So that the 
building-up process may be more clearly demonstrated, 
however, care has been taken to keep the patterns in 
whole numbers. 

1. All F.E.M.s are zero. 

2. Patterns for rotations and sways. 

3. ““ No Shear ”’ patterns are obtained as for Example 
4 by combining the patterns for rotation and sway of 
Fig. 14. The “no shear” patterns are set out in 
Fig. 15 firstly as whole numbers, and secondly in deci- 
mals so that the bending moment at the point under 
consideration totals unity. 

If the Hardy Cross method is followed the bending 
moments in each member intersecting at a joint are 
written down at each stage of the calculation. Alter- 
natively following Southwell, the number of applications 
of each pattern required to liquidate the constraints at 
the joints may be noted and finally converted into the 
internal bending moments. 

For simpler problems, keeping account of the internal 
moments is better, but the second approach admits of 


SWAY WITHOUT 


SHEAR x STOREY ROTATION 


HEIGHT 
By 24P 
8/ 40P 
12’ 725 


Fig. 13 
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lealing with complicated frameworks in a manner 
uready familiar as the grid method of relaxation applied 
partial differential equations. 

(4b) Table 2 sets out the solution which is very similar 
‘o that of Example 4. In this case, however, there is a 
sarry-over across the beams as well as the stanchions. 

A’ was the first joint balanced after the sway moments 
of Fig. 13 (b) had been entered in the table. There is a 
yalancing moment of +10 units required at A’. Using 


PATTERNS FOR ROTATIONS 


2. | Al A | 2 
2 4]a! 

st! B 2 
B! B! 

A AND All A! AND all 


C AND CII 


PATTERNS FOR SWAYS 


UPPER. TWO. STOREYS 
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In the second cycle the larger out-of-balance moments 
were attacked first, in the order C’, C, D’, D, B’, B, A’, A. 
At this stage the largest residual was about 1 per cent., 
so there was no need to carry out another cycle. 


It is interesting to note that this extremely rapid 
convergence was obtained by balancing only, without 
making any attempt to correct for future operations. 
After working a few examples of any particular type 
of problem it becomes easy to estimate the probable 


A 
1|A\ 
| 22] 3 
B 
2\B! 
G 
oe 
B' ano B!! 


D AND DI!!! 


LOWER TWO STOREYS 


Fig. 14 


pattern 2 of Fig. 15 (b) there are seen to be carry-overs 
momo x . == 1.0 to the beam at A, I0 XK —1I= 
—1.0to the column at A and Io x —.1 = —1.0 to the 
upper column at B. The balancing and carry-overs 
are shown in lines I and 2 of Table 2. 

A was next balanced as indicated in line 3. The carry- 
overs were obtained from pattern 1 of Fig. 15 (b) and 
set down in line 4. In this way each joint of the frame 
was balanced, the order being A’, A, B’, B, C’, C, D’, D. 


amount of over or under balancing required and possibly 
only one or two joints will need a second cycle to bring 
the largest error within 5 per cent. 

4(c). The Relaxation method is very similar, but 
instead of considering the moments in individual 
members the total moment at each joint is considered. 
In pattern 1, Fig. 15 (b) for instance the total moment at 
A’ is zero. ‘Thus the operation of balancing at A will 
give rise to only two carry-overs, —.285 to B’, and 
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Li 
TABLE 2 
E D Cc B | A 
Bal’g 86.0 ii z 5 7 
beeen : 45163. 026.40. | = 52/03 20525 me oNag == 20 77 || 5.00 + 1:68 = 6.68 
ie B wo) | L B U E B co Le i 
. | 
SWAY M,s|| —54 —54 0 —30 —30 0 15, | 45 0 aaj es set) 0 
EO: i | | | —1,,00 | ||) —1.00 +1.00 
é | . | | |) aedes +2.15  +-2.86 | 
(eXOly a | 9296 996, £5.92 | 2.96: | 3.96 
BAL. B | | 4.45 | $4.35.) 11.59) 14.35 | | +1.45 
O00. Cc’ | ea Se meets) 5: tan so —4.52 | | | | 
BAL, °C, 43.52 | +12.37| +26.61| +-6.65 | 224 | | | 
irae 11.6 || 11.6). 425.8°| 11.6 | St 64| | 
BAGS De 5e 17.7 |) 250-6) 417.7 | TS ai . 
| ! 
01. Cc PE s9') | =e RD Het 490) =; 50 —.50 | | 
BAL. +C | +.51 PPI 73Ne 23.74 1 oe 08 ep | 
| | | 
€.O. D’ B’| +.12 +.12 | —.26 | +.12 qe nt) —.36 —.36 | +.72_ | —.36 | .36 
BAL. B | £.18 fea5a eet Ale 53 £18 4 
Ow A | Ey ee Mae ay 
BAL. A | | +.24 +.72 +.96 | 
Final | } i . —— 
Moment || —60.38|| —47.78| +76.14) —28.74 31,36) 4-45: 34114. 13 —15.92| +19.65'—3.80 $544 «265.14 | 
: | ) 
s 
L — Lower column at a joint. 
U — Upper column at a joint. 
B — Outer span beam. 
B/ — Inner span beam, 
7 os a eS ar ee I OPE EET ip 7k TT ae tO ome 
pes es ie PIX5 eS eye ey 77.8 + 8.59 — 86.39 | 41.43 + 5.06 = 46.45 10.00 + 3.25 = 13.25 
L Be Seu. B’ ib, B U B’ is B U B’ Feet Bt, 13 8 
| 
_ “SWAY Ms| —81 || —81 See 45 0 4s Oo | 30 0 —30 Ohad 0 net 0 
i. BAL. A’ +£2.00 | +2.00 |+6.00 
BCOn A. —1.43 —1.43 | #1.43 | 
5 BAL. B +5.92 | +11.84| +5.92 | 417.75 | | 
B\C.0.1-.B, —2.90 —2.90 | +5.80 | —2.90 —2.90 | | 
9 BAL. C +1.35 +14.95| +27.00] +8.95 | +27.00 | 
Be Ci | | 7.95 —7.95 | +13.30| —4.43 —4.43 | 
BOB AT ey aii O iso 2 Ht 5.6) 2-21). 2y | 638.6, || 21.9 | | | 
6 ¢.0. D || —11.4 || —11.4 | +25.3 | —11.4 14 | | | | 
7 (BAL, -C +14 +1.64 | +2.98 | +.99 | +2.98 | | 
ee | | | 
Des OPC. 1.14 Sia) |eeirs9 | ==163 ae 63m | 
emi Aten 8 (p= 02 04) =. 22" \'=—. 53. | 22. | — 40. | —.02 | ie ep . +1.45 | +.72 | +2.17 | 
24° CO» B | 2255 en5 | +.71 (Sas 35 =e35 | 
257 BAL; A’ | | +.65 | +.65 |+1.95 
28 CO, A | —.48 erage ce. 48 . 
Final | | 
Moment || —90.52|| —71.42| +76.37/—43.02 |+38.20 || —47.02! +45.17| —28.37| +29.98]| —31.67 +19.80) —8.52 | +19.92|| —12.51] +4.56 |+7.95 


Be! 
The above moments are for P = 7,5, therefore each should be multiplied by re to obtain the bending moments for the load case given. 


+.143 to B. These are indicated by arrows on a 
sketch of the structure Fig. 16, together with all other 
carry-overs derived from the other patterns of Fig. 15 (b). 
The sway moments of Fig. 15 (b) were also noted. 


For comparison with the Hardy Cross method of 
accounting the order of balancing was made the same. 
At A’ for instance the out-of-balance moment was 
—10.00, the balancing moment required was + 10.00, 
giving a carry-over of 10.00 x —.I = —I.00 at B. 
At each joint the amount of balancing moment applied 
and the residual out-of-balance moment are retained. 


To obtain the bending moments in the members 
after the balancing is complete a summation must be 
carried out. For instance, in this example, 6.68 times 
pattern 1 of Fig. 15 (b) plus 13.26 times pattern 2, 
plus 22.76 times pattern 3, etc., must be added to the 
sway pattern of Fig. 15 (b). Since Table 2 illustrates 


this kind of procedure a separate table has not been 
prepared. 

It is of interest that the labour involved in the solution 
of problems by this method is directly proportional to 
their size. In most other methods, if the number of 
storeys is doubled the solution is much more than 
twice as tedious. 


Example 6 (Fig. 17) 

This example is chosen to illustrate the solution of 
frames with inclined members. The problem is solved 
by obtaining patterns for relatively simple load cases 
and building these up by inspection to the required 
solution. 

In general it would appear that nine constraints are 
needed to hold the structure in position against any 
loading ; horizontal and vertical forces and a moment 
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= 


at each joint B, Cand D. Making the assumption that 
the members are inextensible, however, reduces this 
number to five, because the stanchions prevent vertical 
movement of B and D and the position of C is now 
dependent on the positions of B and D. 

A moment constraint must be provided at each joint 
B, C and D to prevent rotations, but any two ot the 
remaining constraints, horizontal forces at B, C and D, 
and vertical force at C, are sufficient to prevent dis- 


ANCE KCHEhT| MOMENT 
[__=500|+ 5-00 
Fh4S -2-:96 

+ 486 —-36/+ 1-68 


-20-0 
$72 -1-0/420-28 
$2-22-4-52 
+31 --49 


+24 -—35 


+ 2-48 


71260 
+ 1-35 -7-95 
2-58-12 
+14 


Fig. 16 


placement of the linkage ABCDE. Whilst the choice 
is entirely open to the operator, it is obviously best in 
this problem to choose the two most symmetrical 
constraints, namely, horizontal forces at B and D. 

A demonstration that horizontal forces at B and D 
only are sufficient to maintain equilibrium is apparent. 
If B and D are moved equal distances to the right, C 
moves to the right horizontally. If B and D are moved 
equal distances inwards, C moves vertically without 
horizontal displacement. Therefore, any combination 
of horizontal and vertical constraints at C can be 
provided by horizontal constraints at B and D, together 
with the vertical force provided by the stanchions. 

Whatever choice is made, all forces appearing else- 
where must be carried back through the members to 
the constraints chosen. 


1. Fixed Ind Constraints 


M oC — M sc = Moc — — M ep = 8.33 tons ft. 
For this fixed end case a vertical reaction at C of 
five tons is required. Resolving the forces in the 
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rafters, this is seen to require at B and D inward hori 
zontal forces each of value five tons, and vertical fore 
which it is not necessary to calculate since they ar 
provided by the stanchions. 


2. Calculation of Operations 
Since a horizontal force at C results in equal horizontal 


forces at B and D the value of the horizontal constraint 
at B (Hx) for any operation is given by :— 


Mast+Mepa Myc+M cx 
Fic 


Hy = a tt spite 
20 IO 
Map e M BA Mesct+ M CB M cb +M pc 
——s + = 
20 LOR EO. Z 


I 
"hos (™ ap —Msa+Mec+Mcs—Ma—M x) 
20 


Scwts/tt 


Fig. 17 


WILLIOT DIAGRAM FOR DEFLECTION 
OF C FOR SYMMETRICAL SWAY OF B aNp D | 


Cc 


J5X 65 
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The five possible operations are listed at the head of 
‘able 3. Again there is a choice, since for instance the 
ways might have been chosen as the sway of B with D 
xed, and the sway of D with B fixed. These particular 
perations, however, were chosen for the same reason 
s the force constraints, to keep to symmetrical cases as 
ar as possible. ; 
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4. The three block operations so obtained are used 
in the normal way of symmetrical and anti-symmetrica! 
components to relax the fixed end constraints. 

This paper is part of a thesis prepared in the Depart- 
ment of Building, College of Technology, Manchester, 
Head of Department: W. B. McKay, M.Sc.Tech., 


TABLE 3 
_ Operation A B- (B D ib E . cate ; i. 
3. : 
I Rotation of B -345 SOOn est 155 | —.0285 —.0233 
2 ” ye | 1 Dal Le is i = 
Ey i sane | | 155 3066 345) "02350 0295 
4 Sway B> D> | —1 —I . | —1 —1 | +.100 + .I00 
5 » B> D<— | —I —1 | .894 -894 | —.894 —.894 I I | +:2788 | —.2788 
. | | 
symmetrical Cases | | 
| | 
oe AS) - (3) 345 601 431 155 | —-155 —.31 | —.69 —.345 | —.0052 | +.0052 
ee (Oleet 9(5) 1X 89.43 ’ —g9.08 —8.74 | 8.74 8.59 | —8.59 —8-.74 | 8.74 9.08 | + 2.635 —2.635 
S (5) 4+ (6) x 53.6 17.6 3520805, L751 9.21 | —9.21 —17.51 | —35.98 —17.6 oO fe) 
| 
Anti-Symmetrical Case | 
| 
ee) ot (3) 0775 x (2)) | 3345 .69 | .233 0 | 0 233 | .69 -345 | —.0517 | —.0517 
1o- (9) — .923 x (4) —.578 —.233 | -233 ORo 2335 |. 233 —.578 | .0406 .0406 
: 
| 
“or Loading given Tons Feet Units | 
| 
Original F.E. Constraints —8.33 +8.33 | —8.33 +8.33 | -+5.00 —5.00 
4.00 
(7) x — +13-79+13.30 | —13.30—I3.09 | +13.09+13.30 | —13.30—13.79 | —4.00 +4.00 
2.635 | I 
| 
8.33 | 
(8) x ==2,7A- 5.00) ea. 7a0 Hr. 43, | 0.43) —=2..73 | —5.60 —2.70 | fe) fe) 
53-49 . | 
1.00 | | 
(10) x —14.26 —5.74 | +5-74 o | 0 +5.74 | —5.74 —14.26 | +1.00 +1.00 
-0406 | 
| | | 
Final Moments +2.27 +13.16 | —13-16 —3.33 | 13-33 +24.64 | —24.64—30.79 | +2.00 | fo) 


. Block Operations 
The solution to this problem can be built up when the 


lock operations are obtained for the following cases :— 


(a) Equal and opposite moments at B and D. 
(b) Equal and opposite forces at B and D. 
(c) Equal and like forces at B and D. 


The first two are obtained by combining operations 
I), (3) and (5) of Table 3, since these are the only 
ymmetrical operations. Furthermore, any rotation of 
} is accompanied by an equal and opposite rotation 
f D, so only two operations need to be considered, 
[)—(3) and (5). These two are then combined to 
ive the required operations. 


The anti-symmetrical case (c) is obtained from 
perations (1), (2), (3) and (4). In this case B and D 
ntate the same amount and there are no moment 
onstraints. Therefore, (1) + (3) is balanced at C by 
le correct amount of (2) and the resulting out-of- 
alance moment at B and D is wiped out by (4). 


M.I.Struct.E. The paper was prepared under the 
supervision of W. Merchant, M.A., S.M., A.M.I.Struct.E., 
Reader in Applied Mechanics to whom the author is 
indebted for criticism and advice. 
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Structural Engineering and the Universities’ 
By Professor A. G. Pugsley, O.B.E., D.Sc(Eng.), M.I.C.E., M.I.Struct.E. 


A great deal has been said in recent years about 
science and technology ; the alleged inadequacy of the 
latter in this country and the place it should take in the 
educational world. I do not propose to discuss these 
questions, though obviously my subject bears upon them. 
I do not, in fact, propose to use the word “ technology ” 
at all ; it smacks too much of applied science and of 
industry to be a happy description of structural en- 
gineering. 

I propose instead to try to do, in our own field, what 
I wish had been done before, and in others, by some of 
those who have already discussed the above questions : 
to survey objectively, though on this occasion necessarily 
in brief, the relationships that have grown up between 
the universities and practising structural engineers, and 
the contributions of one to the other. And if I look at 
all into the future, it will only be to suggest or point to 
small changes around the corner, rather than leap to 
ill-supported conclusions that seem to call for radical 
alterations in our educational system. 

We tend to regard the link between universities and 
engineering as something that has developed largely in 
our own lifetime and that only started with the founda- 
tion of university engineering laboratories, the earliest 
of which in England date from about 1880. But this is 
by no means so, and particularly in our own subject ; 
long prior to the emergence of engineering laboratories, 
and even to the foundation of professorial .chairs in 
engineering, university men interested in applications of 
mathematics, and of natural philosophy generally, 
played a part with the structural engineers of their time. 
Thus we find Professor Playfair, a mathematician of 
Edinburgh, advising a Select Committee in 1800 on 
Telford’s proposal for a cast-iron arch of 600 ft. span 
across the Thames. At about the same time, one of 
our earliest empirical strut formule was devised by 
Eaton Hodgkinson to fit the results of tests on cast-iron 
columns—he was a Cambridge mathematician who later 
became Professor of Engineering at University College, 
London. The first general textbook on our subject— 
“The mechanical principles of engineering and archi- 
tecture ’’—was written in 1843 by H. Moseley, sometime 
Canon of Bristol and Lecturer in Mathematics at King’s 
College, London. Bow’s notation for the application 
of graphic statics to bridge and roof frameworks also 
came from a lecturer in mathematics, in this case at 
Edinburgh. 

In nearly all such early instances, the common interest 
that. formed the bridge between university and the 
profession was an interest in statics—at once of funda- 
mental interest to early applied mathematicians and 
basic to all structural problems. And although most 
mathematicians, at least during recent decades, have 
grown less interested in statics, and advances in the 
subject have tended to wait upon engineers, it still forms 
a point of contact. A valuable bridge in our own times 
between structural engineers and mathematicians has 
been the theory of elasticity, itself a product of statics 
combined with a study of linear deformation ; and 
University mathematicians, including many living to- 
day, have played a lively part in the development and 
engineering applications of this theory. Thus contact 


*Chairman’s address to the Western Counties Branch of the 
Institution of Structural Engineers given at Bristol on October 5th, 1951 
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between University men and the profession was so 
natural that it occurred long before the foundation o 
chairs of engineering, and still is not canalised by suc 
chairs. 


I have mentioned “ chairs of engineering ”’ rather tha 
“chairs of structural engineering ’’ advisedly ; so far) 
as I know there has never been a University chair of 
structural engineering in this country, and yet we are al 
well aware there always have been University professor 
and lecturers in engineering faculties who were intereste 
in structures. At the moment the universities of thi 
country provide some 10 chairs of civil engineering and 
further 10 either jointly in civil and mechanical en- 
gineering, or more generally, in engineering ; and o 
these 20 chairs about half are occupied by men whos 
primary interest is in structures. Such a large propor- 
tion may not always have obtained ; it is certain that in 
earlier days such specialisation of interests was neither 
possible nor common ; but it is, I think, fair to say 
that the staffs of university engineering faculties have, 
so far as civil engineering subjects are concerned, 
commonly shown a bias towards structures. Asa result, 
in spite of the absence of specific reference to structures 
in the titles of university chairs and departments, I do” 
not think that either the Institution of Civil Engineers 
or the newer and more specialist Institution of Structural 
Engineers, have ever had real occasion to feel that their 
professions were ill-served by lack of interest in the 
universities. Indeed, the position has on occasions 
been a reverse one ; the profession has sometimes looked 
askance at the growing number of young graduates, 
academically sound, may be, but strangely lacking in 
practical knowledge and experience, and sometimes. 
even in any realisation of the value of experience. And 
it is only in the last 20 years that the universities have 
become so common a channel for entry into the pro- 
fession. 


‘ 


It is perhaps as well to remember that the position 
might have developed otherwise. In the early nine-— 
teenth century the growing body of civil engineers 
interested in structures—particularly bridge structutes 
at that time—sometimes looked upon their duty to the 
next generation in terms of quite other possibilities. 
They had grown accustomed, during and following the — 
Napoleonic Wars, to the presence of a military corps of © 
engineers with cognate interests ; they were well aware © 
of the older and then more famous Corps des Ponts et 
Chaussées of France ; and they had at least a fragment- _ 
ary knowledge of the ancient Monastic order of Bridge ~ 
Builders that once operated throughout Europe. So 
that even in 1870, we find the man who back in 1841 ~ 
had become the first professor of engineering in England, 
and probably also in the world, we find Charles Vignoles 
in his presidential address to the Institution of Civil 
Engineers drawing keen attention to the power and~ 
value of the French system. To those of us who have 
come in contact with that excellent representative in 
this country of this type of development, the Royal 
Corps of Naval Constructors, the effectiveness and power — 
of such an approach are well known. But the demerits 
of such inbreeding are clear to many also, not least to 
the senior members of the Corps itself, and here the — 
forging of a link with the universities is now regarded 
as one of the ways of improvement. 
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In mentioning thus briefly the early history of the 
iterplay between structural engineers and University 
1en, I have really touched upon a number of the ways 
1 which this can occur. Let us look at these a little 
1ore closely and in more modern terms. In the first 
lace, just as the early mathematicians developed 
tructural theories and helped the engineers to apply 
hem, so it is still customary for University engineers 
nd mathematicians to conduct research—experimental 
ow as well as theoretical—and again, by direct contact 
ss consultants or advisers, to help structural engineers 
o utilise their results. And just as Hodgkinson’s work 
m struts referred to the needs of his time—needs he had 
earnt from such men as Stephenson and Fairbairn—so 
iow University research in engineering is commonly 
‘elated, albeit not always obviously or closely, to the 
ieeds of our time. The steel structures researches at 
Sambridge, the reinforced concrete work at Leeds, and 
ight alloy work at Bristol, are instances of this ; and 
n all these instances, the University staffs concerned 
mjoy the closest support and collaboration from the 
oractising members of our Institution. 


But it would be unwise for the Universities, and 
anhealthy for the art of structural engineering, if all the 
researches at universities were related directly to current 
needs. It is not only nice, in the esthetic sense, to see 
work on the fracture of glass at Cambridge, on the creep 
of struts at London, and perhaps on probability and 
safety at Bristol; it is vital to the intellectual wellbeing 
of the Universities and in the long run to the funda- 
mentals of our art. Ask us to work on your problems, 
to collaborate with your research associations and with 
Government establishments, but let us indulge a little 
our own personal curiosities and so keep our souls. 


' From contact on the research and consulting level, 
let us turn to the other end of the story—the movement 
of University graduates into the structural engineering 
profession. For a long time after the introduction of 
engineering courses into University work the numbers of 
students were so small that the profession scarcely 
recognised their existence. Thus, in his Presidential 
Address to the Institution of Civil Engineers in 1866, 
Sir John Fowler is still able to say quite naturally : ‘‘ We 
of the passing generation have had to acquire our 
professional knowledge as best we could, often not until 
it was wanted for immediate use, generally in haste and 
precariously, and merely to fulfil the purpose of the 
hour ’’—a position which even now some of us recognise 
—and to refer to the rare case of a would-be engineer 
going up to Oxford or Cambridge as entering upon an 
interregnum for the benefit of his general culture to the 
peril of his continued interest in engineering. 


By 1892, however, the impact of the new engineering 


graduates was being felt, with results which are still 
sometimes only too familiar. In that year, we have 
Sir Benjamin Baker, Sir John’s younger partner, 
enjoying the following story so much that he introduced 
it, willy-nilly, into a discussion on graving-docks ! 

‘““ Another case was from the Antipodes, and that was 
really so good that he would like to read out of a Blue 
Book, containing a report of the proceedings of a Royal 
Commission, one or two questions and answers in 
illustration of the point he was referring to. ‘Q. How 
long have you been an Associate Member of the Institu- 
tion of Civil Engineers? A. About two years. Would 
you like to know why it is such a short time? Q. I did 
not ask you. A. Well, I would like to qualify the 
answer. The reason I did not become an Associate 
Member before was that when I contemplated coming 
to Australia, I was certainly not aware that they thought 
so much of the fact that a man was a member of the 


15 


Institution ; but when I arrived here, I found, to my 
surprise, that they thought more of that Institution, in 
which the greatest number of duffers that I know in the 
profession are congregated, than of the University degree 
of Master of Engineering, which I hold, one of the 
highest in the United Kingdom. Learning that such 
was the case I became a member, as I say, two years ago. 
As a matter of fact, I could have been a member at least 
ten years previously. Q. But you are not a member 
now? A. I am a corporate member now.’ That 
gentleman,”’ said Sir Benjamin, “ was labouring under 
the delusion that the degree of ‘ Master of Engineering ’ 
in some strange way constituted a man an engineer. . . . 
A case like this should serve as a warning to students 
against imagining that if they had taken a degree in 
engineering, or had left a University with the highest 
credentials, they were therefore necessarily engineers.”’ 

Since those times, civil engineers, in particular, have 
progressively encouraged young aspirants to their 
profession to proceed to University departments of 
engineering, so that this step has become a routine 
with them. In our own Institution the same process 
has never applied so generally. I was aware that the 
origins of this Institution were naturally such that in 
1g08, the year of its foundation, the proportion of 
graduates to be found among its members was small. 
But I was a little surprised the other day when, for the 
purposes of this address, I dipped into sample pages of 
the current year book and found that, among Members 
and Associate Members alike, only about 20 per cent. 
appear to have University origins. One can see reasons 
for this, particularly of course the youth of our Institu- 
tion and the tendency to an overshadowing by the 
senior Institution, but I think there is cause here for 
thought by both Institutions as wellas by the Universities. 
Though so far as the last are concerned, Mr. President, 
I myself was able to derive some comfort from the fact 
that the general figure of 20 per cent. rises, in the case of 
our Council, to some 50 per cent.! The corresponding 
figures for the Institution of Civil Engineers are roughly 
55 per cent. and 65 per cent. All these figures are 
probably slowly increasing. 


We have for long been accustomed to looking to 
University men as the main source of books and general 
monographs on our subject, as well as a fruitful source of 
research papers. In the nineteenth century our grand- 
fathers studied Rankine and Moseley, and our fathers 
looked to Unwin and Claxton Fidler ; we ourselves may 
have been brought up on Ewing and Morley. But 
many of to-day’s undergraduates, through no fault of 
their own, tend to feed on foreign fare ; of that more 
in a moment. 


, 


This dependence of each generation upon the works 
of its teachers is of course a very natural one and one 
that most of us, in our own lives, have come to value. 
It provides for each of us a standard from which to view 
engineering thought, before and after ; and in the past, 
at least, the Universities have provided just the con- 
ditions that go to the making of good text-books— 
contact with able students, freedom from routine 
duties, and refreshing leisure. Some of us may have 
thought these conditions were overdone, that just as 
good books would have been forthcoming for each 
generation if University life had been harder in the 
“ nose-to-the-grindstone ’’ sense, but before we pro- 
nounce on this let us observe what has been happening 
in our own lifetime. 


The natural process I have outlined was interrupted 
by the 1914-18 War, but fortunately and, as it then 
appeared, necessarily, this was followed by a spate of 
good books, such as those by Southwell and Pippard. 
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A strange lull has intervened ever since ; the 1939-45 
War has been followed by no new spate, and to-days’ 
students are turning more and more to America for 
their up-to-date books. I am not referring here to 
routine productions or to the popular works to be seen 
on station bookstalls—which have become all too 
common—lI am referring to serious text-books by recog- 
nised leaders, particularly in the Universities. 


This change is, in my view, a serious one that should 
if possible be combated. I suspect it springs partly 
from the heavy advisory duties that, in the last twenty 
years, circumstances and the Government have seen fit 
to put on the shoulders of its University men, and as 
much on engineers as any. This is a trend, of course, 
that plagues most small countries. In the long run, the 
fate towards which we may be moving in this book 
world is the fate of the second-rate nation. Ways of 
avoiding this must be found, and both thought and 
action in the matter are already overdue. 


We are living in an era of congresses, conferences, and 
summer schools, and in these our own profession and the 
Universities have somewhat gaily played their part. 
But the more one attends such meetings, the more one 
regrets the machine-made discussions, hedged about by 
time and printing limitations, and the more one values 
the incidental private conversations that have been 
squeezed in during the meetings in spite of the organised 
programmes. The more one feels too, how much better 


Comparative Tests on Various ‘Types of Bars 


as Reinforcement of Concrete Beams 


Discussion on Dr. K. Hajnal-Konyi’s Paper* 


Dr. HajNnAt-Kony!1 said that, in view of the length 
of his original paper, he had had to omit from the 
published paper his introduction, which formed the 
background for the tests described. Therefore, he 
would read the introduction in order to put the matter 
in its proper perspective. He had wanted to avoid 
omitting any of the technical information because he 
wanted readers of the paper to arrive at their own 
conclusions. 


He illustrated by slides some strain measurements 
as well as another series of tests on beams reinforced 
with untensioned 12g wires of an ultimate strength of 
120 t/sq. in. 


Dr. P. W. ABELES (Member) congratulated the author 
on the tests in which he had been able to fracture non- 
prestressed wires having a strength of 120 tons per 
sq. in., which had previously been considered to be 
impossible. Dr. Hajnal-Konyi had twice been able to 
prove something which Dr. Abeles had thought 
would be the case but which he had no opportunity of 
testing. Eight years ago Dr. Hajnal-Konyi had been 
able to prove that the tensile strength of steel well 
embedded in concrete was higher than that in the air. 


*Presented at a meeting of the Institution of Structural Engineers 
at 11, Upper Belgrave Street, London, S.W.1, on Thursday, May 
17th, 1951, Dr. S. B. Hamilton, M.Sc., M.I.Struct.E., A.M.I.C.E. 
(Vice-President), in the Chair. Published in THE STRUCTURAL 
ENGINEER, Vol. XXIX, No. 5, p. 133. 
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it would have been if this particular congress were held 
once in ten years instead of biennially, and the like. 
Leisure for thought and mental refreshment seems agair 
to be the key, a key which the atmosphere of a Uni 
versity traditionally provided and must strive to retain, 
If our structural engineering profession can avoid th 
prevailing too-frequent rush to conferences, and can 
at the same time find and maintain leisurely contacts of 
an informal kind, then it will have achieved something 
of lasting import that Universities should applaud and 
help. This is one of the pleasures and advantages of 
Branch meetings, at least on less formal occasions than. 
the present. 

Our problem here, of course, as in our discussion 0 
text-books, reflects a trend that is not a structural 
engineering matter or even a national one, but at least a 
European one. And in defending leisure I am in a sense 
opposing the tide, beneath which no doubt I myself 
have been partially submerged. But I am nevertheless 
unrepentant in believing that Universities should in this 
matter provide something like the cloisters of the 
ecclesiastical structures from which they derive, not 
only for their regular brethren but also for the refresh- 
ment of lay visitors ; cloisters in which a knowledge and 
understanding of the history of our art may grow and 
an opportunity to dream of its future may exist. From 
such meetings of practical and academic culture much 
has come in the past and I hope much will come in the 
future. 


Dr. Abeles expected this, but he had not thought it 
would be possible to prove it in so simple a way. In 
the present paper D:. Hajnal-Konyi had again proved 
a very important point, 1.e., that cold drawn wire of a 
very high strength used as ordinary reinforcement may 
fracture at failure of the beam. : 


Dr. Abeles said that he had had the opportunity of 
seeing the test just before, and at, failure of the beam 
No. 20H, as described by the author, and he exhibited 
a load-deflection diagram in which had been plotted the 
test results with regard to beam 20H together with those 
of some other beams (4H, 5H, 8H and 11H). In addi- 
tion to the load the bending moment also was plotted 
and the concrete stress fi, calculated for the bottom 
fibre of beam 20H for a homogeneous section. 


It was seen that cracks developed in beam No. 20H 
at a concrete tensile stress of somewhat below 600 Ib. 
per sq. in. If the wires, or some of them, had been 
tensioned, a much higher load would have been reached 
at visible cracking. For a high strength concrete of a 
cube strength of 6,000 to 7,000 Ib. per sq. in., a tensile 
bending stress fi: = 1,000 lb. per sq. in. would apply, 
but in the present case fi = 950 lb. per sq. in. was taken 
into account, as shown in the graph, in view of the lower 
strength of 5,400 lb. per sq. in. of the concrete. If half 
the wires were tensioned, an effective prestress of 
470 lb. per sq. in. would be attained at the bottom fibce, 
resulting in a cracking load corresponding to a stress of 
950 + 470 = 1,420 Ib. per sq. in., whilst with full pre- 
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‘ressing, l.e., at tensioning of all wires, the cracking 
vad would correspond to a stress of 1,420 + 470 = 
,890 lb. per sq. in. The loading diagrams were indi- 
ated in the graph representing these two cases of 
artial prestressing (No. 20 p.p.) and of full pre- 
tressing (No. 20 f.p.). 


The beam 20H was very interesting from a general 
oint of view, but would be unsuitable for practical use, 
s Dr. Hajnal-Konyi has already pointed out, because 
f the large deflection ; but a beam in which a part of 
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In conclusion, Dr, Abeles said that the very important 
investigations made by Dr. Hajnal-Konyi had shown 
the importance of efficient bond when high strength 
steel was used, and this applied also to prestressed 
concrete. 


Mr. A. Hitey, A.M.I.C.E. (Member), expressed his. 
great admiration for Dr. Hajnal-Konyi’s paper and his 
work, and said he had elaborated the conception utilised 
in deformed bars to advantage and had revealed the 
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he steel were tensioned as, for example, 20 p.p., would 


epresent a great improvement to any of the beams . 


hown, in view of its high ultimate load and high degree 
f safety against cracking. 
In the graph there were also plotted for each example 
he percentage, the permissible bending moment and 
Ses 
ralues —, representing the ratio of the permissible 


ending moment and the percentage ; this indicated to 
vhat extent the steel was utilised. The permissible 
ending moments of the various beams were given in 
Jr. Hajnal-Konyi’s paper and that of a prestressed 
eam 20, be it fully or partially prestressed, was taken 
is half the bending moment at failure, ensuring a factor 
f safety FS = 2. It was seen that beam 20p combined 
he greatest permissible bending moment with the lowest 
M 


ercentage ; consequently the value — became a maxi- 


num. 


possibilities applying to the different strengths of 
concrete which were available at the present day. 


The author had referred to the construction of certain 
work in reinforced concrete during the First World War, 
in which deformed bars were used. About 1915-16 
Mr. Hiley was concerned with shipbuilding, and he was 
deputed to organise and to manage a shipyard specific- 
ally for the construction of ferro-concrete cargo boats 
and barges to effect an economy in weight of steel used. 
at Barrow-in-Furness. He had had to consider at the 
design stage what should be done, in view of the nature 
of the estimated bending stresses, when a reinforced 
concrete vessel in a seaway was loaded to the deep 
draught, carrying 1,200 tons of deadweight. It had 
been necessary to consider whether to use ordinary 
round steel bars or deformed bars to cope with the 
prolonged reversals of stress anticipated, and he had 
chosen the spiral-bond bar as best suited to avoid slip 
reliably. Those bars were thereupon adopted for the 
sea-going ship at a design stress of 9 tons/sq. in., which 
corresponded to the higher elastic limit of, he believed, 
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60,000 Ib./sq. in. in the deformed cold twisted bar. Its 
shape was approximately of hexagonal section, in which 
three of the sides were straight and the others curved. 
For bars of 14 in. diameter the degree of twist given 
was one twist in12in. Insuch large sizes some difficulty 
was met in bending the bars to form anchorages in the 
floors where necessary. The vessels being compara- 
tively heavy had to endure somewhat high shear stresses 
in the launching condition, whilst in the hogging con- 
dition in a seaway the height of the waves being assumed 
one-twentieth of the length of the vessel, reversals of 
stress were repeated every five or six seconds. He 
believed the decision to employ the deformed bars in the 
construction of large ships was wise, as in the severe 
conditions stated, bond failures had remained unknown. 


Mr. Hiley recalled having voyaged in one of the ships 
through a storm when steaming in the light condition. 
The ship had machinery at the after end and, therefore, 
trimmed considerably by the stern. When the sea 
calmed sufficiently he had observed on the fo’c’sle 
continuous deflections of + in. amplitude the frequency 
of the vibrations taking effect there being 240 per 
minute. Such continued shaking as occasionally en- 
countered in certain conditions was a very clear indica- 
tion of the importance of safely dealing with bond 
stresses which the steel bars had to take without slip, and 
he considered it fortunate that they had a margin over 
ordinary round steel bars in the s.s. Armistice as com- 
pleted in 1918. 


Eventually this ship served very successfully in the 
coastal trade of West Africa ; she was laid up only a 
year or so ago, the cause being engines which had given 
out, not the concrete hull nor the reinforcement. That 


described an interesting but isolated example of suc-’ 


cessful results attending the use of spiral-bonding bars 
in ship construction. 


There had been considerable difficulties to face in 
getting the special steel supplies regularly at the ship- 
yard, and considerable trouble was also met in bending 
the steel of high elastic limit to the usual requirements ; 
bars had in many cases to be heated in the smith’s fire. 
This work was naturally found rather difficult and slow 
compared with ordinary mild steel reinforcement, so 
that at Barrow and elsewhere in the construction of 
barges of I,000 tons deadweight, the round bars in 
those cases were everywhere adopted to the normal 
British Standard specification, the manufacturing con- 
ditions as well as deliveries being so much easier to 
comply with in mild steel. 


He believed the use of spiral bars had to drop out of 
fashion chiefly on that account. But he emphasised 
that if vibration was an important factor to contend with 
and if for some special reason ships were to be con- 
structed of reinforced concrete in the future, the spiral 
bond or its equivalent might again be found very 
serviceable. 


He did not know whether Dr. Hajnal-Konyi would 
go as far as to advocate the use of a corrosion-resisting 
steel containing copper for certain applications like those 
of shipbuilding, where twisted steel reinforcement may 
be selected to keep the steel weight to a minimum in 
floating structures. 


Mr. T. C. DuRLEyY said that the author had rightly 
brought out the importance of being able to bend a high- 
tensile bar. It seemed to him that in the case of twin- 
twisted or Isteg bars, for any given radius of bend, we 
were bending a relatively much smaller size of bar than 
where a single high-tensile bar was adopted. Apart 
from the frictional effect, which was negligible, the 
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moment of inertia of an Isteg bar was the same abou 
one direction as about another. It was his experienc 
that it was easier to bend the Isteg bar than any of the 
other cold-worked bars. He asked for the author’ 
views on the matter. 


Mr. O. Bonpy, A.M.I.C.E. (Member), said the author 
had made it clear that he had referred to the various 
types of reinforcing bars from the point of view of their 
performance in reinforced concrete beams, and in his 
tests he had compared their performances. He had_ 
thrown out a challenge, not only to the designer, but — 
especially to the steel-maker. He had referred to) 
certain requirements which, if met, might help the 
designer in securing greater economy in the use of steel 
in reinforced concrete beams. 


Mr. Bondy had a feeling that steel-makers would be 
in a better position to improve certain properties of 
steel as used for reinforcing bars if only they knew what 
were the designer’s requirements and what demand was 
to be expected (say) per annum. A somewhat similar 
position had arisen in the development of certain 
qualities of steel for welded construction, and it was found 
that the steel-makers were only too keen to satisfy the 
demand if they knew where they stood. 


tioned by speakers, and it had occurred to him that the 
question of weldability might also deserve a word. 
The weldability of reinforcing bars did affect the design | 
of a number of major reinforced concrete structures in 
the past, and it might ‘be expected that it would also 
affect design in the future. Mr. Bondy drew the atten- 
tion of Dr. Hajnal-Konyi to a certain type of reinforcing 
bar which he had seen illustrated in a Swiss paper 
recently. Not only were high mechanical properties” 
claimed for that type of bar—the ultimate tensile | 
strength being 47 to 57 tons/sq. in., i.e., well above the 
37 to 43 tons range of our B.S. 548—but in addition 
it was claimed that the bar was weldable. That was 
something new to him, and perhaps Dr. Hajnal-Konyi 
could say whether it was feasible that high tensile 
steels, produced by cold drawing or other types of cold 
work, could at the same time be made weldable, without 
losing their tensile and yield strength. 


| 
; 
The problem of corrosion resistance had been men- 
i 
; 


Dr. Hajnat-Konyl1, replying to the discussion, first 
thanked the meeting for the kind reception accorded 
his paper. Although it was rather critical of present-day 
practice, nobody had contradicted his conclusions. He 
did not know whether or not he could assume from that 
fact that the meeting was in agreement with his con- 
clusions. 


Dealing with Dr. Abeles’ contribution, he said he had 
found the comparison which Dr. Abeles had made on 
his graph was very interesting. It was suggested that 
the high tensile wire he had tested, as described in the 
lecture but not included in the paper, would be a prac- 
ticable proposition if it were at least partially pre- 
stressed. Dr. Abeles’ graph had shown a close approxi- 
mation to the expected behaviour if half of the wires 
were prestressed ; and it would be a practicable pro- 
position. But in the lecture he had pointed out that 
the tests he had made on high tensile wires had nothing 
to do with practical applications ; he had wanted to 
see the development of cracks and to show that steel 
could be broken in spite of its very high strength. The 


M 
term —, which he had not seen before, seemed to be a 
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very valuable characteristic to use, not only for per- 
nissible moments, but for ultimate breaking moments. 


He had had no experience of ships of reinforced 
soncrete construction, but Mr. Hiley’s remarks had 
nade clear how useful it was to take advantage of cold- 
worked steel in shipbuilding. As to the difficulty about 
aooks, Dr. Hajnal-Konyi was of the opinion that cold- 
worked steel with a suitable surface pattern did not 
aeed any hooks, in contrast to plain round bars. That 
was now acknowledged in the new Code of the American 
concrete Institute, where it was definitely stated that 
plain round bars had to be hooked, whereas deformed 
bars complying with the latest Specification of the 
A.S.T.M. need not be hooked. Nevertheless, he attached 
much importance to the cold bend test, since it was 
necessary that it should be possible to bend the steel to 
any required shape. The provision that cold-worked 
bars need not be hooked did not apply to all cold- 
worked bars; and he recalled Professor Ros’ con- 
clusion that it was necessary to provide hooks for Torsteel 
bars if the concrete strength were below a certain limit. 

Replying to Mr. Durley, bars included in his.series 
were bent through the radius as specified in B.S.S. 1144. 
That was done twice, in the,laboratory and in an ordinary 
industrial bending machine. He did not find that the 
twin-twisted bar had any advantage in comparison with 
single twisted bars of equivalent size. 

He was not very conversant with the question of the 
weldability of reinforcing bar steels, and there were 
others much more qualified than he to answer Mr. Bondy. 
So far as he was aware, cold-worked steels were not 
particularly suitable for welding, but apparently some 
people had welded them successfully and there were 
certain claims for cold-worked steels. The difficulty 
about welding cold-worked steels was that, if they were 
exposed to a high degree of heat, the value of the cold 
work was lost ; therefore, there was a danger that, if 
cold-worked steel were welded, the strength at the 
neighbourhood of the weld would revert to the strength 
of the parent metal. It was possible, of course, that the 
high temperature was not applied for so long as to have 
a detrimental effect on the strength. But he had not 
made any tests in that connection and he could only 
repeat what he had heard. 


‘Commenting on Mr. Bondy’s reference to the point 
of view of the steel-makers, he said he looked upon the 
question of cold-worked steel as being very important 
under present circumstances, in view of the steel short- 
age. It we used cold-worked steel, the saving in the 
quantity of steel used over the country as a whole 
would be very considerable ; and he claimed at the same 


time that the quality of the structures in which it was | 


used would improve. But the problem was not very 
simple. It seemed that there were three conditions 
which must be fulfilled. First, we must have a Code 
which allowed the use of high quality steel to its best 
advantage. At present that was excluded ; but until we 
had such a. Code, every attempt at improvement was 
doomed to failure. We knew the industry was national- 
ised ; nevertheless, it was not a proposition to embark 
on the production of a new steel or quality of steel if no 
advantage was to be gained by its use. Therefore, the 
first step required was to increase the stress permitted 
by the Code. He had tried to prove that that would 
not mean a reduction of the factor of safety ; on the 
contrary, with a suitable quality of steel it would mean 
that the factor of safety could be higher. He did not 
think engineers would be justified in asking for a higher 
factor of safety ; but there was so much margin that 
higher stresses could be allowed and the factor of safety 
could be improved. 


} 
J 


‘ confirmed by strain measurements on II beams. 
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In that connection he referred to the latest Dutch 
specification, recently received, in which permissible 
stresses went up to 35,000 lb./sq. in. to enable the use 
of a new type of steel which was not yet available on 
the market. 


The second requirement was to produce steel of 
improved quality. 

The third, which was equally important, was for 
engineers to accept the development and to take advan- 
tage of the availability of better quality steels, realising 
that if the steel quality were improved, the structures 
would be better. 


We had to proceed step-by-step, and he believed there 
was an urgent requirement for a drastic revision of the 
Code to enable further development on the one hand, 
and on the other hand to exclude bond failures by taking 
into account the hook length, which was not justified 
in his opinion, and by specifying the radius for the hook 
in the bar. By attention to such matters we could 
increase the safety of structures. 


Written Communication 


Mr. J. Wires (Associate-Member), expressing his 
appreciation of Dr. Hajnal-Konyi’s very interesting 
lectures, said it was always reassuring to the designer 
to be able to compare practical test results with the 
theoretical values—especially when the tests substantia- 
ted the theory ! 


Referring to (4) in the author’s suggestions for the 
amendment of the Code and B.S. 1144 at the end of the 
paper, Mr. Wiles invited him to amplify his statement: 
“Thus, at the ‘ economic ’ percentage, mild steel cannot 
be replaced by an equivalent area of high tensile steel 
without the addition of steelin compression. This ts not 
justified by experimental evidence.”’ 


Did that mean that in practice the neutral axis would 
not rise, or did it mean there was not a linear stress 
distribution over the cross-sectional area of the beam ? 
If it were not linear, was it non-linear within the working 
load ? Was it parabolic or rectangular ? 


The AuTHoR replied : The meaning of the statement 
referred to by Mr. Wiles was that the position of the 
neutral axis at failure did not depend on the percentage 
of reinforcement # and the modular ratio m as assumed 


t 
by the standard method but on the factor 6 — where / 
Cp 
was the stress in the steel, cp the prism strength of the 
pt 
As long as — remained constant, there was 
Cp 


concrete. 


This was 
The 
stress distribution in the concrete at working loads was 
straight with a good approximation, but this did not 
apply to loads approaching the maximum. The stress 
distribution of the concrete at failure was not known 
and was probably very different in different qualities 
of concrete. However, Whitney’s simplified assumption 
of a rectangular stress distribution allowed a close 
approximation of the lever arm at failure and thus the 
prediction of the maximum bending moment if the 
strength properties of the materials were known and p 
did not exceed a certain limit. This limit was far in 
excess of the so-called “economic” percentage as 
obtained by the standard method. 


no change in the position of the neutral axis. 
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Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution was 
held at 11, Upper Belgrave Street, London, $.W.1, on 
Thursday, November 22nd, 1951, at 5.55 p.m., Mr. 
Walter C. Andrews, O.B.E., M.I.C.E., M.1.Struct.E. 
(President), in the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections, as tabulated below, should be referred to 
when consulting the Year Book for evidence of member- 
ship ? 

STUDENTS 
BAILEY, Edwin Roy, of Guildford, Surrey. 
BarRwIs, Edward Charles, of London. 
BosMAN, Edward Albert, of Durban, South Africa. 
‘GOODE, Lawton Thomas, of London. 
(GRASSMANN, Brian Godfrey, of Johannesburg, South 

Africa. 

HAL.Lows, Peter Marcus, of Wirksworth, Derby. 
Harris, Colin Frederick, of Umtali, Southern Rhodesia. 
Hicson, Martin, of Manchester. 

Hopeson, William, of Paarl, South Africa. 

Hoey, John Henry, of Much Dewchurch, Hereford. 
Krot, Tadeusz, of London. 

LENARTOWICZ, Witold, of London. 

Levrtov, Louis, of London. 

Lirucow, Ian Spence, of Clarkston, Renfrewshire. 
McHueu, Patrick Thomas, of Hounslow, Middlesex. 
MANKARzZ, Otto Heinz, of Salisbury, Southern Rhodesia. 
Mattocks, Ronald, of London. 

Meap, Peter Frank, of Exmouth, Devon. 

MITCHELL, John Cyril, of Belfast, Northern Ireland. 
Morcom, Peter John, of Durban, South Africa. 
ODEDAIRO, Ebenezer Olufunso, of London. 

PEGLER, Michael Richard Holmes, of Johannesburg, 

South Africa. 

Poo.Le, Liam Myles, of Durban, South Africa. 
PRIMROSE, David James, of St. Helens, Lancs. 
PROBERT, Leslie Anthony, of Nottingham. 

‘Tanpy, Robert Macmillan, of Germiston, South Africa. 
Tuompson, Peter Smithson, of Harrogate. 

TonGE, Brian Yardley, of Bolton, Lancs. 

‘Wiiks, Leslie Robert, of London. 

WINFIELD, Peter Frederick, of Middlesex. 


GRADUATES 

AAB, Frank Albert Werner, B.Sc.(Eng.), Rand, of 
Edenvale, Transvaal, South Africa. 

APPLETON, Samuel Alan, of Liverpool. 

AscouGH, Dudley William Allison, of Middlesbrough, 
Yorks. 

Betts, Anthony Charles George, B.Sc.(Eng.)(Hons.), 
London, of Newark, Notts. 

BRANCHER, David Marshall, of London. 

BUSHELL, Charles Joseph, of Boston, Lincs. 

CazALy, Laurence George, B.Sc.(Eng.), 
London. 

CHATTERJEE, Shyamal Prosad, B.Sc.(Eng.), Patna, of 
London. 

DuckwortH, Frederick John, of Crayford, Kent. 

Evans, Peter Robert, of Greenford, Middlesex. 

Fayyaz, Ali, B.Sc.(Civil), Punjab, of Dera Ghazi Khan, 
Pakistan. ; 

GRAFF, Jacob Yehuda, B.Sc.(Eng.), Rand, of Johannes- 
burg, South Africa. 

Gupta, Ramkrishna Shankarlal, B.E.(Civil), Bombay, 
of New Delhi, India. 
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HALL, Thomas Robert, B.Sc., Belfast, of London. 

HENNY, Gerhardus Evert Jan, B.Sc.(Civil), Rand, o 
Johannesburg, South Africa. 

Hopckxinson, Allan, M.Eng., Liverpool, of London. 

Homes, Eric William, of Twickenham, Middlesex. 

JiNARAJAN, Govindan, B.Sc.(Civil), Travancore, o 
Leeds. 

KapiAnl, Fida Husein Chulamali, B.E.(Civil), Bombay, 
of London. 

KLOopPPER, Stephanus, of Dieprivier, South Africa. 

Lewis, David John Donald, of Pontardulais, Glam. 

Lorts, Roy Edgar, of Worthing, Sussex. 

MaurFouz, Georges Elias, B.Sc.(Civil), Giza, of Cairo, 
Egypt. 

Meaps, John Richard, of Walsall, Staffs. 

MotTivaLa, Jijoo Framroze, B.E., Poona, of Bombay, 
India. 

NANDI, Subir, B.E.(Civil), Calcutta, of London. 

Nour, Max, of London. f 

PARDOE, Maurice Geoffrey, of Middlesbrough, Yorks. 

Peacock, John Desmond, B.Sc.(Eng.), London, of 
St. Albans, Herts. 

PERCHARD, George Desmond, of Runcorn, Cheshire. 

PrnTo, Vitorino Antonio C. L., B.E.(Civil), Bombay, of 
Goa, India. 

Poot, James Fraser, B.Sc.(Civil), Rand, of London. 

SCAHILL, Gregory John,,B.E., B.A., Sydney, of Lakemba, 
Australia. 

SHVARTZ, David Itzhak, of Tel-Aviv, Israel. 

Simmonbs, Charles Arnold, M.A.(Cantab.), of Lytham — 
St. Annes, Lancs. 

SIVALINGAM, Peethamparam, B.Sc.(Eng.), London, of 
London. 

STRONG, Gerald Albert James, A.M.I.Mun.E., of Bath, 
Somerset. : 

SuBBA Rao, Tippur Narayana Rao, B.E.(Civil), Mysore, 
of Bangalore, India. 

TAYLor, Gerald, of Reading, Berks. | 

Tsao HsiEN Hwa, of Singapore. : 

TURNER, Geoffrey, of Scunthorpe, Lincs. : 

Vaswanl, Harkrishin Pahlajrai, B.E.(Civil), Bombay, 
of Croydon, Surrey. 

Watts, Donald Ernest, of London. 

WHALE, John Frederick, M.Sc., Auckland, of Auckland, 
New Zealand. 

Woop, Peter Buckley, B.Sc.(Tech.), Manchester, of 
Salford, Lancs. 


ASSOCIATE-MEMBERS 
CUTLER, Kevin Mulqueen, of Wellington, New Zealand. 
Daum, Hans, of Cape Town, South Africa. 
FALISZEWSKI, Stefan Wilhelm, of Montreal, Canada. 
Minuas, Mohammed Hussain, of Lahore, Pakistan. 
RaFeE, Abdur, of Lahore, Pakistan. 
Savona, Joseph Sigismund Ethelwold, of Sliema, Malta. 


MEMBERS 
Button, Harold, B.Sc.(Eng.), London, of Birmingham. 
DOANIDES, Peter John, of Johannesburg, South Africa. 
Rooks, George Joseph, of Durban, South Africa. 
SmiTH, John Arthur Gordon, of Epsom Downs, Surrey. 
SpyrRA, Jan Jakub, AMICE., of Manchester. 


TRANSFERS 


Students to Graduates 
ALLoTT, Ernest James, B.Sc.(Eng.), London, of Rother- 
ham, Yorks. ¥. 
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ATTWooD, William Enoch Edward, of Wynberg, South 
Africa. : 

BANERIER, scam Har,. B.Sc, Calcutta, of ‘Calcutta, 
India. 

3ROCKBANK, Edwin, of Stretford, Lancs. 

JoyLe, William Sherwood, of Cape Town, South Africa. 

JARNER, Eric Cyril, of Prestwich, Lancs. 

SAWLER, Stanley William, of Wellington, New Zealand. 

GRAFF, Samuel, B.Sc.(Eng.), London, of London. 

HARTLAND, Robert Arthur, of London. 

JEFFERIES, Robert Lionel, of Cape Town, South Africa. 

Lycett, Trevor, of Stafford. 

McIzLroy, William Robert, of Dunedin, New Zealand. 

MALLocH; Trevor Stuart, of Wellington, New Zealand. 

MERCER, Horace John Gerald, of Wolverhampton, 
Staffs. 

MicHAu, Peter St. Cyr, of Bulawayo, Southern Rhodesia. 

MOTTERSHEAD, Geoffrey, B.Sc.(Tech.), Manchester, of 
Wilmslow, Manchester. 

NIGHTINGALE, Alan Francis, of Lower Hutt, New 
Zealand. 

PuGu, Arthur Dudley, of Rhondda, Glam. 

RYELL, John, of Stafford. 

SALTER, Terence Herbert, of Beckenham, Kent. 

Tuomas, David Lewis, of Johannesburg, South Africa. 

TuRNER, Robert William, of Coulsdon, Surrey. 

VAITHEESPARA, Tharmalingam, of Kankesanturai, 
Ceylon. 

WALKER, Brian Colin, of Johannesburg, South Africa. 

WARDLE, Terence Michael, of Stourport-on-Severn, 
Worcs. 


Graduates to Associate-M embers 


BANERJEE, Robindra Nath, B.Sc. Lucknow, B.E. 

_ Calcutta, of Bombay, India. 

BarRASS, Desmond, of Manchester. 

BINNEY, Hubcrt Montgomery, of Wellington, New 
Zealand. 

BINNION, Daniel Fletcher, B.Sc.(Civil), Manchester, of 
Salford, Lancs. 

Broom, John David, of Christchurch, New Zealand. 

Brown, Kenneth Vincent, of Ewell, Surrey. 

COLLINS, Brian Thomas, A.M.I.Mun.E., of London. 

Das Gupta, Amal., B.Sc.(Eng.), Patna, of Ranchi, India. 

DEAKIN, Brian, of Northwich, Cheshire. 

FacGc, Norman Talbot, of Wellington, New Zealand. 

FELIX, Nicolaas, B.Sc.(Eng.), Rand, of Johannesburg, 
South Africa. 

FORSBREY, Leonard William, of London. 

Gim1, Sohrab Barjorji, B.Sc., B.E.(Civil), Bombay, of 
Bombay, India. 


GOLDSTEIN, Adolf, B.Sc.(Eng.)(Hons.) London, D.I.C., — 


of London. 

HEMINGWAY, Geoffrey Truscott, B.Sc.(Eng.), Cape 

~ Town, of Bulawayo, Southern Rhodesia. 

HOLLENBACH, Carel Arnold, B.Sc.(Eng.), Rand, of 
Johannesburg, South Africa. 

Muir, Peter, of Salisbury, S. Rhodesia. 

QuInIoN, David William, B.Sc.(Eng.)(Hons.), London, 
of Rickmansworth, Herts. 

RAIji, Prithviraj Diliprai, B.E.(Civil), Bombay, of 
Bombay, India. 

REY, Jean Joseph Raymond, B.Sc.(Eng.), Rand, of 
Salisbury, S. Rhodesia. 

SMITH, Alexander, of Salford, Lancs. 

STocKs, Hugh Gerald, of Pretoria, South Africa. 

STROUDE, Clifford Herbert, B.Sc.(Civil), Cape Town, 
A.M.I.C.E., of East London, South Africa. 

Tayior, Alan, of Accra, Gold Coast. 

WarRK, Donald Hulme, of Manchester. 

West, Joseph Frederick, of Toronto, Canada. 
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WOLSTENCROFT, Derek, B.Sc.(Eng.), London, of St. 
Albans, Herts. 


Associate-Members to Members 
BitimoriA, Rustum Kawasji, B.E., of Peradeniya, 
Ceylon. 
EpceE, James Harold, of Johannesburg, South Africa. 
MITCHELL, Denis Noel, A.M.I.C.E., of London. 
RAVELLI, Filippo Luigi, of Johannesburg, South Africa. 


Members to Retired Members 

FRANCIS, Leonard Philip, of Edenbridge, Kent. 
Troup, Francis Gordon, F.R.I.B.A., of Henley-on- 

Thames. 

OBITUARY 

The Council regret to announce the deaths of William 
Adam Craic, Nelson FYFE, Alan Eastwood FLETCHER, 
Ralph Restall GARDINER, Leonard Jackson SPEIGHT, 
Jacob Stephenson Stout, Louis Frederick SUMMER- 
FIELD (Members) ; Bertram Fothergill CROSFIELD (Asso- 
ciate) ; Frederick Fisher CHRISTIAN, Joseph Clarkson 
ForrEsT, George Skeffington Hilne GRIMMER, George 
Eugene ILLASHEVITCH, Sidney Hales LEwis, James 
Warp (Associate-Members). 


EXAMINATIONS—JULY, 1951 
OVERSEAS CENTRES 

The examinations were held overseas in July, 1951, 
at the following centres :—Auckland, Baghdad, Bom- 
bay, Brisbane, Bulawayo, Cairo, Calcutta, Cape Town, 
Christchurch (N.Z.), Colombo, Delhi (Aligarh), Dunedin, 
Durban, East London (S.A.), Hong Kong, Jerusalem, 
Johannesburg, Karachi, Kuala Lumpur, Lagos, Lahore, 
Lucknow, Madras, Malta, Montreal, Nairobi, Port 
Elizabeth, Salisbury (S. Rhodesia), Shillong, Singapore, 
Sudan, Sydney, Tel-Aviv, Toronto, Wellington (N.Z.). 

Thirty-nine candidates took the Graduateship Exam- 
ination: and sixty-seven the Associate-Membership 
Examination, making a total of one hundred and six. 
Of these, twenty passed the Graduateship Examination 
and twenty-four passed the Associate-Membership 
Examination. 

The names of the successful candidates are :— 

GRADUATESHIP EXAMINATION 

Attwoop, William Enoch Edward; BANERJEE, Hari 
Har; DoyLe, William Sherwood; Fayyaz, Ali Shah; 
GAWLER, Stanley William; Hague, Chowdhary Abdul; 
JEFFERIES, Robert Lionel; KLopper, Stephanus; 
McItroy, William Robert; Matiocu, Trevor Stuart; 
MicHAu, Peter St. Cyr; NIGHTINGALE, Alan Francis; 
Nour, Max; Rao, Akunuri Balaji; SHvartz, David 
Itzhak; THomas, Thomas Arthur Charles; Tsao HsIEN 
Hwa; VAITHEESPARA, Tharummalingam; WALKER, Brian 
Colin; WHALE, John Frederick. 


ASSOCIATE-MEMBERSHIP EXAMINATION 

AKERKAR, Anand Ganesh; BINNEY, Hubert Mont- 
gomery; Broom, John David; CUTLER, Kevin Mulqueen; 
Daum, Hans; Face, Norman Talbot; FALISZEWSKI, 
Stefan Wilhelm; FeL1x, Nicolaas; Gru1, Sohrab Barjorji; 
Hemineway, Geoffrey Truscott; HENRY, Robert Nelson; 
MapDAN, Madhukar Yeshwant; Minuas, Mohammed 
Hussain; Murr, Peter; NewMANn, Wolfgang Max; RAFE, 
Abdur; Rarji, Prithviraj Diliprai; Rey, Jean Joseph 
Raymond; Savona, Joseph Sigismund; Stocks, Hugh 
Gerald; StRoupDE, Clifford Herbert; TARAPOREWALLA, 
Jalejer Jehangir; West, Joseph Frederick; WILLIAMSON, 
James Wilson. 

PRIZE LIST 
JULY, 195I—EXAMINATIONS ' 

The Council have awarded the following prizes in 

connection with the examinations held in July, 1951 :— 
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ANDREWS Prize. (For the candidate who obtains 
the highest aggregate of marks in the Associate-Member- 
ship Examination, passing in all subjects.) 

Samir Kumar MAtiick, of London. 


HusBAND Prize. (For the candidate who takes the 
whole of the Associate-Membership Examination, passes 
in all subjects, and obtains the highest marks in the 
paper “Structural Engineering Design and Drawing’’.) 

Leon John MarsHALt, of Ilford. 


WALLACE PREMIUM (SENIOR). (For the candidate 
who takes the whole of the Associate-Membership 
Examination, passes in all subjects, and obtains the 
highest marks in the paper “‘ Theory of Structures 
(Advanced) ’’.) 

Robert Nelson HEnRy, of Auckland. 


WALLACE PREMIUM (JUNIOR). (For the most success- 
ful candidate in the Graduateship Examination, passing 
in all subjects.) 

Gerard KiLEy, of Swansea. 


FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
Belgrave Street, London, $.W.1. - 


Thursday, January 24th, 1952 

Ordinary General Meeting, 5.55 p.m. This meeting, 
which is for the election of members, and is open only to 
corporate members of the Institution, will be followed by 
an Ordinary Meeting at 6 p.m., when Mr. Arthur Bolton, 
B.Sc. (Graduate), will give a paper on ‘’ A New Approach 
to the Elastic Analysis of Two Dimensional Rigid 
Frames.” 


Thursday, February 14th, 1952 
Ordinary Meeting at 6 p.m., when Mr. D. I. Lawson, 
MSc.) M.S.E.E.,. Mrs €.. T. SWebster 1 Ro Case 
Mr. L. A. Ashton, B.Sc., will give a paper on “‘ The Fire 
Endurance of Timber Beams and Floors.” 


Thursday, February 28th, 1952 
Ordinary General Meeting for the election of members 
5.55 p-m., followed by an Ordinary Meeting at 6 p.m. 
when Dr. W. B. Dobie, M.Sc., F.R‘S.A. A.M.LC.E., 
A.M.I.Mech.E., will give a paper on ‘‘ The Torsional 
Strength of Structural Members.”’ 


Thursday, March 13th, 1952 
Ordinary Meeting at 6 p.m., when Mr. P. G. Bowie, 
A.M.I.C.E. (Member), will give a paper on “ Faults in 
Concrete Structures.”’ 


Wednesday, March 19th, 1952 
Joint Meeting with the Reinforced Concrete Associa- 
tion, at 6 p.m., when Mr. F. S. Snow, M.LC.E., 
M.I.Mech.E. (Past-President), will give a paper on 
“ Recent Industrial Developments at Port Sunlight and 
Bromborough.”’ 


Thursday, March 27th, 1952 

Ordinary General Meeting for the election of members, 
5.55 p.m., followed by an Ordinary Meeting at 6 p.m., 
when Mr. F. R. Bullen, B.Sc., M.I.C.E. (Member of 
Council) will give a paper entitled “‘ Unusual Design 
for a large Constructional Shop.” 

Members wishing to bring guests to the Ordinary 
Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


EXAMINATIONS, 1952 
The Examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 
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January 8th and gth, 1952 (Graduateship), and o 
January roth and 11th (Associate-Membership). 


REPRESENTATION 


The Council have made the following nomination 
of members to represent the Institution :— 
UNION OF LANCASHIRE AND CHESHIRE INSTITUTES 
Building Advisory Committee :— 
Mr. W. E. Kelsey, (Associate). 
Engineering Advisory Committee :— 
Mr. F. Simpson (Associate-Member). 


EARTH RETAINING STRUCTURES CODE 


Civil Engineering Code of Practice No. 2—Eart 
Retaining Structures, issued by the Institution of Struc 
tural Engineers on behalf of the Civil Engineering Join 
Codes Committee will be obtainable from the Institutio 
from the second week in January, price 15s. post free to 
members and others. 


JOURNAL CASES AND BINDING, 1951 


A binding case can be supplied for the twelve issues 
of the Journal, January-December, 1951 (Volume 29), 
price Lig: spost  iree. 

The price for binding volumes is 26s. per volume, in- 
clusive. This price is for the half-leather binding which 
has been in use for some years. 

It is requested that all parcels and Journals forwarded 
for binding should bear the name, address and rank of 
the member concerned. All volumes for binding must 
be despatched to the Institution by March 3Ist, 1952. 

An Index will be included in all volumes bound. 
This Index will not be generally distributed, but mem- 
bers and others wishing to have a copy should apply 
to the Secretary. 


THE MACLACHLAN LECTURE 


GENERAL CONDITIONS 

Through the generosity of Mr. John MacLachlan: 
(Retired Member), the Council was able in 1948 to” 
institute an Annual Lecture to be competed for by 
Associate-Members. The conditions of the presentation 
are as follows :— 

1. The Institution -of Structural Engineers shall 
institute a written lecture to be known as the 
MacLachlan Lecture and to be held annually. 

2. The subject of the Lecture may be on any aspect of 
Structural Engineering so long as in every second year 
the subject shall be confined to steel structures.~ , 

3. Entrance into the competition for the Lecture shall 
be confined to Associate-Members of the Institution, who 
are under the age of 32 years. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the Council 
of the Institution, and all such papers (including the 
prize-winning lecture) shall be available for publication 
in the Journal of the Institution at the discretion of the 
Council. 

5. No paper submitted shall have been published or 
read elsewhere. 

6. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of £17 ros. od. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit, he will receive a consolation 
award of £5. 

8. In the event of there being no winner of the com- 
petition in any one or more years, whether because no 
lecture is submitted or because no lecture submitted is 
considered to be of sufficient merit to warrant an award, 
or for any other reason, the Institution shall transfer 
these sums to the Research Fund of the Institution. 
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PARTICULARS OF THE COMPETITION FOR 1952 


1. The MacLachlan Lecture willbe given at ameeting of 
ae Institution to be arranged towards the end of 1952. 

2. The subject of the Lecture shall be on any aspect 
f structural engineering. 

3. The work should be submitted as the script of a 
scture which the author, if successful in the competition, 
nll deliver before an audience in the course of about 
ne hour. The development of mathematical formule 
nd detailed calculations should be avoided as far as 
ossible in the text ; if they are essential they should be 
mbodied in appendices. Photographs, drawings, graphs, 
te., which would appear as illustrations to the lecture in 
ublished form, should accompany the script. If 
dditional illustrations would be shown as slides, a list 
f these should be included. 

Lectures should be prepared in accordance with the 
equirements of the Literature Committee for publication 
1 THE STRUCTURAL ENGINEER. Candidates may obtain 
_ copy of these requirements on application to the 
secretary. 

4. Six copies of each Lecture should be submitted and 
hould be addressed to the Secretary of the Institution. 

5. The closing date for the receipt of entries by the 
nstitution is Monday, March 31st, 1952. 


RESEARCH AWARDS 


'The Council have instituted a Research Prize Fund, 
rom which awards may be made annually to the author 
r joint authors of papers describing original research 
yhich they have carried out. Research awards may 
ye made for papers read-at Headquarters or in the 
sranches and published in the Journal, or for papers 
uublished in the Journal only without being read at an 
pen meeting. 

The assessment for such awards will be made annually, 
ut awards will be made only to the contributors of such 
apers as reach a standard judged by the Literature 
ommittee to be satisfactory. 

Work submitted under this scheme must be original 
nd may include any of the following :— 

(a) investigations of an experimental or analytical 
haracter ; 

(b) studies of historical or statistical records ; 

(c) improvements in principles or methods of con- 
truction ; 

(d) research into methods of structural engineering 
nd building, the nature and use of plant and the 
rganisation of engineering work ; 

(e) any related or combined studies which are deemed 
yy the Literature Committee to be of a research 
haracter. 

In cases where the research work described in the 
aper was not the work of one individual, the names of 
Ul the collaborators should be given in the paper. 

Awards may take any or all of the following forms :— 
\ research medal ; a diploma ; a money prize. 

Application for consideration for a research award 
nust be made to the Secretary of the Institution, and in 
reparing papers for reproduction in the Journal, authors 
nust comply with the conditions laid down for all such 
ontributions. Particulars of these conditions may be 
btained from the Secretary. 

In judging research papers, the following factors will 
ye considered :— 

(a) the nature of the subject and its conclusions ; 

(b) the value of the paper in advancing the science 
md art of structural engineering ; 

_(c) the standard of preparation and orderly arrange- 
nent of the subject matter. 
} 


23 


Research papers will also be eligible for adjudication 
for the Institution Medals if they comply with the 
Regulations governing those awards. 

The closing date for the receipt of applications in 
respect of papers published in the Journal between 
October, 1951, and September, 1952, is October 31st, 
1952. 

EXAMINATIONS 
PREPARATION FOR THE EXAMINATIONS OF THE INSTITU- 

TION BY ATTENDANCE AT TECHNICAL COLLEGES 

A candidate for Graduateship or Associate-Membership 
may be able to attend a technical college ; these notes 
are intended to guide him in choosing the most suitable 
instruction. 

PREPARATION FOR THE GRADUATESHIP EXAMINATION 

Technical colleges offer : 

(a) Full-time courses for degrees or Higher National 
Diplomas in Building or Engineering. 

(b) Part-time day or evening courses for Higher 
National Certificates in Building or Engineering. 

If he obtains a Higher National Certificate or Diploma 
complying with Appendix II, Section V, of the Regula- 
tions Governing Admission to Membership, the candidate 
will be exempted from the Graduateship Examination. 

Alternatively, he may study subjects selected from the 
available courses and sit the Graduateship Examination. 
At technical colleges courses are usually available in 
Building Science or Engineering Science, Strength of 
Materials, Theory of Structures and Surveying, but 
students are not normally allowed to select subjects from 
National Diploma or Certificate courses unless they can 
show evidence of sound training in more elementary 
studies. The advice of the College Authorities should 
be followed. 


PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 

At some technical colleges there are part-time courses 
in Structural Engineering which cover the syllabus of the 
Associate-Membership Examination. At other colleges 
the candidate must rely on Higher National Certificate 
courses or on advanced courses in Building, Civil 
Engineering or Municipal Engineering ; these cover only 
part of the requirements for the Associate-Membership 
Examination. 

Colleges in the first category provide at least two years 
of instruction in Theory of Structures and in Structural 
Engineering Design and Drawing up to Associate- 
Membership standard. They also give instruction in 
Structural Specifications, Quantities and Estimates. 

The Colleges which have informed the Institution that 
courses in Structural Engineering are available are :— 

Belfast College of Technology. 

Birmingham Central Technical College. 

Bolton Municipal Technical College. 

Bradford Technical College. 

Derby Technical College. 

Dudley and Staffordshire Technical College. 

Glasgow Royal Technical College. 

City of Liverpool College of Building. 

L.C.C. Brixton School of Building. 

L.C.C. Hammersmith School of Building and Arts 
and Crafts. 

Manchester College of Technology. 

Middlesbrough Constantine Technical College. 

Salford Royal Technical College. 

South-West Essex Technical College, Walthamstow, 
1p hf 

Stockport College for Further Education. 

Colleges in the second category provide instruction in 
Theory of Structures from which the student may reach 
Associate-Membership standard, but instruction in 
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Structural Engineering Design and Drawing and in 
Structural Specifications, Quantities and Estimates is 
not usually so complete. The colleges which have 
informed the Institution that such courses are available 
are :— 

Brighton Technical College. 

Cardiff Technical College. 

Huddersfield Technical College. 

Leeds College of Technology. 

London Battersea Polytechnic. 

London Northampton Polytechnic. 

L.C.C. Westminster Technical College. 

Plymouth and Devonport Technical College. 

Preston Harris Institute. 

Wigan Mining and Technical College. 

Woolwich Polytechnic. 

Students attending colleges in the first category are 
advised to take the organised courses in Structural 
Engineering. Students of Graduate Membership 
standard will usually be allowed to select subjects from 
courses provided by colleges in the second category. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


. The next meeting of the Section will be held at I1, 
Upper Belgrave Street, London, S.W.1, on Tuesday, 
January 29th, 1952, at 6 p.m., when an address will be 
given by the President of the Institution, Mr. Walter C. 
Andrews) ©.8:E5- MLC. Be M.Struct:E: 

Hon. Secretary : D. B. Rogers, 4, Portland Rise, 
Finsbury Park, N.4. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


The following meetings have been arranged :— 


Tuesday, January 22nd, 1952 
Annual Dinner and Dance, at Longford Hall, Stret- 
ford, at 6 p.m. 


Wednesday, January 30th, 1952 
Three short lectures by Mr. W. H. Rosier, Mr. A. S. 
Sinclair and Mr. C. Thirsk (Associate-Members), followed 
by discussion, at the College of Technology, Manchester, 
at 6.30 p.m. (preceded by tea at 5.45 p.m.) 


Thursday, February 14th, 1952 
Joint Meeting with The Institution of Civil Engineers 
North-Western Association, at the Engineers’ Club, 
17, Albert Square, Manchester, at 6.30 p.m. Mr. Gilbert 
Roberts, B.Sc., M.I.C.E., on ‘‘ The Dome of Discovery— 
Festival of Britain Site.”’ 


Monday, February 25th, 1952 
Mr. Arthur Bolton, B.Sc. (Graduate), on ‘“‘A New 
Approach to the Elastic Analysis of Two Dimensional 
Rigid Frames,’ at the College of Technology, Man- 
chester, 6.30 p.m. 


Wednesday, March tath, 1952 
Joint Meeting with the Liverpool Engineering Society, 
at The Temple, 24, Dale Sireet, Liverpool, at 6 p.m. 
Mr. J. Cunningham, B.Sc., A.M.I.C.E., on “ The Britan- 
nia Tubular Bridge over the Menai Straits.”’ 


Wednesday, March tgth, 1952 
Dr. G. G. Meyerhof, M.Sc., A.M.I.C.E., F.G.S. (Asso- 
ciate-Member), on “‘Some Aspects of Soil Mechanics with 
reference to Foundations,’’ at the College of Technology, 
Manchester, 6.30 p.m. 
Hon: ~ Secretary 7 A. SS oinclair; 
28, Kenwood Road, Stretford, Lancs. 


A.M.1.Struct.E., 
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4 MIDLAND COUNTIES BRANCH 
The following meetings have been arranged :— 


Friday, January 25th, 1952 
“Notes on Soil Mechanics,” by Dr. J. Kolbuszewski 
F.G.S., at James Watt Memorial Institute, Birmingham 
6 p.m. 
Monday, February 25th, 1952 
““Some Aspects of Soil Mechanics with reference t 
Foundations,”’ by Dr. G. G. Meyerhof, M.Sc., A.M.I.C.E. 
F.G.S. (Associate-Member), at Derby, 7 p.m. 


Friday, March 28th, 1952 
“The Research Station of the Cement and Concret 
Association,” by Mr. P. B. Morrice, B.Sc.(Eng:), a 
Stafford. 
Hon. Secretary: .E. R. Deeley, A.M.1.Struct. Em 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 

The Annual General Meeting of the Section will b 
held on Wednesday, January 30th, 1952, at 7 p.m., at 
the James Watt Memorial Institute, Birmingham, and 
will be followed by a film and a talk on “‘ Welding as 
Applied to Structural Engineering,’ by Mr. F. Brooks- 
bank, B.A.(Graduate). 

Hon. Secretary : H. M. Evans, B.Sc.,.42, Church Hill 
Road, Handsworth, Birmingham, 20. 


NORTHERN COUNTIES’ BRANCH 
The following meetings have been arranged :— 


Wednesday, January gth, 1952 
Joint Meeting with the Institution of Civil Enmeea 
at the Cleveland Scientific and Technical Institution, 
Middlesbrough. Mr. W. R. Garrett, A.M.I.C.E. (Asso- 
ciate-Member), on ‘‘ Reconstruction of Houdon-on-Tyne 
Gas Works.”’ 


Wednesday, January 16th, 1952 
The above meeting will be repeated at the Neville 
Hall, Newcastle. 


Tuesday, February 5th, 1952 
Mr. L. Scott White, O.B.E., M.1.C.E. (Past- ‘Presidents 
on “ The Moving of King Henry VIII’s Wine Cellar, 
Whitehall Gardens,” at Middlesbrough. 
Wednesday, February 6th, 1952 | 
The above meeting will be repeated at Newcastle. — 
Tuesday, March 4th, 1952 ) 
Mr. G. S. Gowland (Associate-Member), on ‘‘ Im-_ 


pressions of U.S.A. Welding Methods,” at Middlesbrough. 


Wednesday, March 5th, 1952 , 
The above meeting will be repeated at Newcastle. 
All meetings will commence at 6.30 p.m., preceded by 
tea at 6 p.m. 
Hon. Secretary : Ilan MacGregor, M.1.Struct.E., 9, 
Ellison Place, Newcastle-upon-Tyne, I. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 
Wednesday, January 23rd, 1952 


Annual D.nner and Social Function. 


Tuesday, February 5th, 1952 

Mr. R. Montgomery (Associate-Member), on ‘‘ Some 
Economies in the Fabrication of Sveel Sections,” at the 
College of Technology, Belfast, 7.30 p.m. é 


. 
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Tuesday, March 4th, 1952 
Mr. H. M. Nelson, B.Sc., on “ Plastic Design applied 
o Structural Engineering,” at the College of Technology, 
3elfast, 7.30 p.m. 
Hon. Secretary: S. G. Duckworth, M.I.Struct.E., 
‘Lisleen,’’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
The following meetings have been arranged :— 


Wednesday, January 16th, 1952 
Mr. J. Guthrie Brown, M.I.C.E. (Member of Council), 
m “The, Tummel-Garry Hydro-Electric Scheme,’”’ at 
the Ca’doro Restaurant, 6.0 p.m. 


Wednesday, February 13th, 1952 
Mr. J. Dixon and Mr. D. M. Campbell, B.Sc.(Graduate) 
gm “‘ Site Exploration and Rock Drilling Methods,” at 
the Ca’doro Restaurant, 6:0 p.m. 


Tuesday, March 11th, 1952 
Mr. W. A. Fairhurst (Member) on “‘ The Design of 
Engineering Structures including Concrete Bridges,”’ at 
the Ca’doro Restaurant, 6,0 p.m. 
Hon. Secretary : D. G. Drummond, B.Sc., A.M.I.C.E., 
M.I.Struct.E., 11, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 
_ The next meeting of the Branch will be held at 
Newton Abbot on Friday, January 11th, 1952, when 
Mr. Wallace A. Evans (Member) will give a paper on 
“ The Reconstruction of Abertillery Bridge.” 
Hon. Secretary : E. W. Howells, M.I.Struct.E., c/o 
Messrs. T. L. Harding & Sons, Ltd., 10/12, Market 
Street, Torquay. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 


Wednesday, February 13th, 1952 
Mr. Wallace A. Evans (Member), on “‘ The Completed 
Abertillery Bridge,’ at the Mackworth Hotel, Swansea, 
6.30 p.m. 


Friday, February 15th, 1952 
A meeting will be held at Colwyn Bay, details of which 
will be announced later. 


Tuesday, February 19th, 1952 
Mr. Wallace A. Evans (Member), on ‘‘ The Completed 
Abertillery Bridge,’ at the South Wales Institute of 
Engineers, Cardiff, 6.30 p.m. 


Tuesday, March 4th, 1952 a 
Combined meeting with the South Wales Association 
of The Institution of Civil Engineers, at Cardiff. Films 
will be shown. 


Wednesday, March 5th, 1952 h 
A meeting will be held at Swansea, when the films 
referred to above will be repeated. 


Friday, March 21st, 1952 oo 
A meeting will be held at Colwyn Bay, details of 
which will be announced later. 
Hon. Secretary; E. R. Steward, A.M.L.Struct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES BRANCH 


The second Branch Meeting of the Session was held in 
the Reception Room, Bristol University, on Thursday, 
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November ist, 1951, at 5.30 p.m. The meeting was 
held jointly with the South-Western Association of 
The Institution of Civil Engineers, whose Chairman, 
Mr. J. B. Bennett, presided over a large gathering. 

Mr. E. Bateson, M.I.C.E., M.I.Struct.E., gave a paper 
on “‘ Some interesting problems in Bridge Reconstruc- 
tion,’’ which comprised an account of various strength- 
ening and rebuilding schemes for some large bridges in 
India. Following replies. by the lecturer to a number 
of questions, a vote of thanks was proposed by Mr. E. N. 
Underwood B.Sc., A.M.I.C.E. (Member) (Branch Vice- 
Chairman), and seconded by Mr. N. A. Matheson. 


The following meetings have been arranged :— 


Friday, January 4th, 1952 
Mr. O. H. Willey, on “ The Fabrication of . Steel 
Structures,’ at Bristol University, 6 p.m. 


Friday, February ist, 1952 
Combined meeting with the Institution of Civil 
Engineers. Dr. A. R. Collins, M.B.E., A.M.I.C.E. 
(Associate-Member), on ‘“‘Some Effects of Recent 
Developments on the Design and Construction of 
Concrete Structures.” 


Wednesday, February 20th, 1952 
Annual Dinner at the Royal Hotel, Bristol. 


Hon. Secretary ; ©. FE, Saunders, M.I.Struct.E., 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Somerset. 


YORKSHIRE BRANCH 
The following meetings have been arranged :— 


Wednesday, January 16th, 1952 
Mr. A. V. Hooker, A.M.I.C.E. (Associate-Member), on 
“Structural Engineering at Abbey Works,’ at the 
Great Northern Hotel, Leeds, 6.30 p.m. 


Friday, February 8th, 1952 
Annual Dinner and Dance, Parkway Hotel, Otley 
Road, Leeds, 7 p.m. 


Wednesday, February 20th, 1952 
Combined meeting with the Yorkshire Association of 
The Institution of Civil Engineers. Mr. James N. 
Garden, A.M.I.C.E., on “‘ Prestressed Concrete Bridge, 
Skelton Grange Power Station, Leeds,’’ at Leeds Uni- 
versity, 7 p.m. 


Wednesday, March 19th, 1952 
Mr. Hugh B. Sutherland, $.M.(Harvard), A.M.I.C.E. 
(Associate-Member), on ‘‘ Problems in Foundation 
Engineering,’’ at the Great Northern Hotel, Leeds, 
6.30 p.m. 
Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary ; A, E. Tait, B.Sc., A.M.I.C.E., 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days, Mr. Tait can be contacted in the City En- 
gineer’s Department, City Hall, Johannesburg. ’Phone : 
34-1111. Ext. 257. 

Natal Section Hon. Secretary: E. G. Bennett, 
A.M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O. 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary ; R. Stubbs, M.I.Struct.E., 
P.O. Box 1692, Cape Town. 
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ADDITIONS TO THE LIBRARY 


The following volumes have been added to the 
Library :— 
Berry, John. Reinforced Concrete Design. London, 
1945. Presented by Mr. F. G. Etches. 
Brooks, W. H. Strength and Elasticity of Materials and 


Theory of Structures, Vol. 1. London, 1950. Presented 


by Mr. A. E. Peatfield. 


Camo, F. J. (Editor). Newnes’ Engineer's Reference 


Book. London, 1949. Presented by Mr. L. Freeborn. ° 


CLARK, F. W. Tube Works Gauges and Gauging Practice. 
Glasgow, Birmingham and London, 1950. 

ERIKSEN, B. Influence Lines for Thrust and Bending 
Moments in the Fixed Arch. London, 1947. 

Escritt, L. B. Sewage Treatment : Design and Spectfica- 
tion. London, 1950. Presented by Mr. L. J. Griffiths. 

GRINTER, L. E. Design of Modern Steel Structures. New 
York and London, 1948. Presented by Mr. W. S. 
Watts. 

Hancock, G. J. <Asphalte in Modern Building Con- 
struction. London, 1950. Presented by Mr. S. C. 
Gibbins. 

HAYDEN, A. G., and Barron, M. The Rigid-Frame 
Bridge. 3rd Edition. New York, 1950. Presented 
by Mr. J. J. Leeming. 

HETENYI, M. (Editor). Handbook of Experimental Stress 
Analysis. New York and London, 1950. Presented 
by Professor W. Fisher Cassie. 

Hitton, B. R. Welding Design and Processes. London, 
1950. Presented by Mr. P. C. G. Hausser. 

Hove, E. Sketching for Craftsmen. London, 1950. 
Presented by Mr. S. J. Crispin. 

Jessop, H. T.,and Harris, F. C. Photoelasticity : Princt- 
ples and Methods. London, 1949. Presented by 
Mz, PL. Capper. 

Knicut, B. H. Sotl Mechanics for Civil Engineers. 
London, 1948. 

KRYNINE, D. P. Soil Mechanics : Its Principles and 
Structural Applications. 2nd Edition. New York 
and London, 1947. Presented by Mr. M. M. Khann. 

LEE, G. H. Introduction to Experimental Stress Analysis. 
London, 1950. Presented by Mr. F. B. Bull. 

Lewitt, E. H. Definitions and Formule for Students : 
Applied Mechanics. 2nd Edition. London, 1950. 
LuNDGREN, H. Cylindrical Shells. Vol. I—Cylindrical 

Roofs. Copenhagen, 1949. 


Book 


Contemporary Structure in Architecture, by 
Leonard Michaels. (New York: Reinhold Publishing 
Corporation.) 

This book is a refreshing contribution to architecture 
from an engineering aspect, and a refreshing contribution 
to engineering from an architectural aspect. 

It records in a most interesting manner the develop- 
ment of modern structural principles, and shows the way 
in which this development has, or should have, affected 
modern architectural design. 

One is rather surprised that the opportunities which 
exist for using stressed skin construction and box 
frames have not been more widely developed in this 
country, and this book forms an admirable reference to 
demonstrate the great possibilities which exist for the 
employment of these design theories. 

The 247 illustrations are well chosen and show the 
advances which have been made in “‘ Contemporary 
Structure in Architecture,’’ and the descriptive matter 
carries one’s thoughts forward through posts and lintels, 
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MicHAELs, L. Contemporary Structure in Architectura 
New York, 1950. Presented by Mr. A. H. Ley. -@ 
MINIKIN, R. R. Winds, Waves and Maritime Structures 
London, 1950. Presented by Mr. M. Nachshen. _ 

Nasu, K. Ll. The Elements of Sotl Mechanics in Theor: 
and Practice. London, 1951. Presented by Mr. C. B 
Brown. 

O’SuLiivan, T. P. The Economic Design of Rectangula 
Reinforced Concrete Sections. London, 1950. Pre 
sented by Mr. P. G. Bowie. 

Quebec Bridge Inquiry. Report of the Royal Commissior 
and Plans, Ottawa, 1908. Presented by Mr. H. G 
Cownley. 

SALIGER, R. Die neue Theorie des Stahlbetons auf Grune 
der Bildsamkett vor dem Bruch. Vienna, 1950 
Presented by Mr. B. A. E. Hiley. | 

SALIGER, R. Der Stahlbetonbau : Werkstoff, Berechnun, 
und Gestaltung. Vienna, 1949. Presented by Dr. P 
W. Abeles. 

Scott, W. L., GLANVILLE, W. H., and Tuomas, F. G 
Explanatory Handbook on the B.S. Code of Practice foi 
Reinforced Concrete. London, 1950. 

SMITHSONIAN INSTITUTION. Annual Report, 1949. Wash 
ington, 1950. 

STEED, R. W. An Introduction to Distribution Method. 
of Structural Analysis. London, 1950. Presented by 
Mr: C. Hi. Hockley: 

Woop, R. D. Junior Principles of Quantity Surveying 
London, 1950. Presented by Mr. H. H. B. Stewart. 

YounG, J. McHardy. Structural Theory and Design 
Vol. I. London, 't950. Presented “by Mr. Dai 
Williams. 


The following publications have been presented by 
Mr. P. S$. Pandit :— 


Baker, A. L.L. Reinforced Concrete. London, 1949. 

Cross, Hardy, and MorGan, N. D. Continuous Frame. 
in Reinforced Concrete. 11th Printing. New York 
1949: 

Institution of Civil Engineers. Report of Proceedings o 
Conference on Pre-Stressed Concrete. London, 1949. 
MINIKIN, R. R. Structural Foundations. London, 1948 
REYNOLDS, T. J., and Kent, L. E. Introduction t 
Structural Mechanics for Building and Architectura 

Students. 


Review 


portal frames, cantilevers and space frames, to thi 
lighter forms of construction rendered possible by 
monolithic stressed skins. It is, however, pleasan 
after having studied many pages and over 200 illustra 
tions of advance methods ot construction, to come upo1 
pictures of such wonderful examples of buildings of th 
past as the Colosseum in Rome, and the Guildhall a 
Thaxted. 

From the use of scientific principles, there is emergin; 
to-day a new moulded or plastic architectural styl 
which reveals a potential greatness to rival its tw: 
classical predecessors, the “‘Trabiated’”’ and th 
“ Arched ”’ methods of construction. 

The contribution which this book makes to moder: 
ideas in building is its demonstration of how every par 
of a structure can be made to contribute its maximur 
efficiency, and illustrations of the single span bridge 
demonstrate the grace and beauty which this ca 
produce. 


ORE DD 
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Synopsis 
The fire endurance{ of a variety of timber beams 
nder a range of loading conditions has been measured 
vhen the beams were subjected to fire resistance tests, 
s defined in B.S. 476-1932. From observations of the 
ate of charring of the beams it was found that their fire 
ndurance could be found from the following expression : 


re = 4 (I — T ys) (1 — T/2 vs)? 
vhere applied load 

y is the ratio ——_—_—_—— 
breaking load 


depth of beam 
_$ is a shape factor =——_——___ 
breadth of beam 
T= t/20-/a 
ais the area of cross section of the beam 
t is its fire endurance. 


Curves have been plotted giving the fire endurance 
of most common sizes of beam in terms of the load 
conditions, and it has been shown that for similar shaped 
beams under equivalent load conditions the fire endur- 
ance is proportional to the square root of the cross- 
sectional area. For a given cross-sectional area and 
corresponding fibre stress, a beam having a square 
section will give the longest fire endurance. 

The analysis has been extended to predict the fire 
endurance of floors supported on timber beams by 
allowing for the time taken for the fire to penetrate the 
ceiling supporting the beams. When this time is added 
to the time taken by the beam to fail, the result is in 
good agreement with experimental measurements made 
on the fire endurance of such floors. 


I. Introduction 


The need has long been felt for a method of assessing 
the fire endurance of timber beams under various 
intensities of stress. This information is required for 
the design of floors and roofs, and recently the need for 


timber economy has led to proposals that the shape of ~ 


floor joist be altered to permit the use of timber sections 
of smaller area. The permissible reduction in size will 
be governed by the fire endurance of such beams when 
loaded. In order to rectify the deficiency a start was 
made between the years 1945-6 at the Building Research 
Station with a series of fire resistance tests as defined in 
B.S. 476-1932! on timber floors of various constructions. 
The results of these experiments were of considerable 


*Paper to be read before the Institution of Structural Engineers 
at 11, Upper Belgrave Street, London, S.W.1, on Thursday, 
February 14th, 1952, at © p.m. 


tCrown Copyright Reserved. 


_ {The term fire endurance for the purpose of this paper is used to 
denote the time taken by the structural element to collapse under five 
conditions. This should be distinguished from the term fire 
resistance as defined in B.S. 476-1932, which imposes the further 
conditions that the floor should resist flame penetration and should 
have a limited temperature rise on its upper surface. 
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he Fire Endurance of 


Timber Beams and Floors*t 
sy D. I. Lawson, M.Sc., M.I.E.E.,F.Inst.P., C. T. Webster, F.R.I.C. and L. A. Ashton, B.Sc. 


value as design data ; they do not however cover the 
variety of conditions encountered in practice, and the 
present paper shows how they may be used to derive a 
formula by means of which the fire endurance of any 
timber joist system can be estimated. Tne work is semi- 
empirical in that a theoretical expzession for the fire 
endurance is derived making certain assumptions, and 
the results of the experiments are compared with the 
predicted performance. The original expression is then 
modified to fit the observed results move closely. 


II. Analysis of the Fire Endurance of Beams 


It is not possible from existing knowledge to derive 
an exact expression relating the performance of a beam 
under fire conditions to its dimensions and to the applied 
load. A rigorous analysis would require a knowleuge of 
the temperature conditions throughout the beam during 
the test, and these would have to be related to the 
strength of the timber for the various temperatures 
encountered. Even if such an expression were derived 
it would almost certainly be too complicated to use. An 
altenative approach would be to make certain simpli- 
fying assumptions and to compare the results obtained 
in this way with practical experience. The original 
expression may then be modified to fit the experimental 
results.. This procedure has been adopted during the 
present work. 

It has been observed in the experiments to be outlined 
that during a fire test as described in B.S. 476 the line 
of demarcation between the charred and uncharred 
portion of the timber beam is well defined, and this 
advances at an average rate of about 1/40 in./min. If 
the assumption is made that the timber retains its 
original strength until charring takes place, and after 
this the strength falls to zero, it is possible to calculate 
the strength of the beam at any time during the test. 


- If the beam has initial dimensions b and d representing 


respectively the breadth and the depth in inches, then 
after a time ¢ minutes, these will have been reduced to 
(6 — t/20) and (d — ¢/40) since the charring will have 
taken place on the underside and on both taces of the 
beam, the upper surface being protected by the floor. 
The load W; which after ¢ minutes would just cause 
failure in bending is given by 
Wh (= Heo) a ——2/40)* te. 2s (8) 
where & contains such factors as the span of the beam 
and the ultimate fibre stress§ of the beam material. 
Comparison of the strength of the beam after it has been 
subjected to fire conditions for a time ¢ with its original 
strength W» gives 
r = W/W. = (b — t/20) (4 — t/40)?/bd? 
== (t= 1/205) (1 = t/40d)* -  e  {2) 
Thus, if abeamis loaded to a fraction 7 = W/W, of its 
reaking load or modulus of rupture, it will fail after 
a time ¢ given by expression (2). 


$A value of 11,000 1b. /in.* has been assumed for the extreme fibre 
stress in bending at the maximum load, (G. A. Mitchell, Building 
Construction, Part 2. Batsford, Ltd., Thirteenth Edition, 1943, 
table opposite page 198). 
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It will be convenient for subsequent discussions of 
the effect of the shape of the beam on its fire endurance 
to introduce two new variables into expression (2) : s the 
cross-sectional shape ratio d/b, and a the area of cross- 
section db, 

These give : 


Ak=a4/ $4,* UO aay (ays) 
Expression (2) therefore becomes 


-¥—) (: - ——)a pillars) 
40 \/sa 


Since this expression is a function of ¢//a it follows 
that t«./a for all beams of a given shape and under 
equivalent load conditions, i.e., the fire endurance 
should be linearly related to the square root of the area 
of cross-section. Another variable T = t/20.\/a may 
be introduced and expression (3) becomes 


r= at 


f= (L—T-/s) © —Tl2g7slr oon. (4) 
Before elaborating this theory it will be prudent, in 
view of the tentative assumption on which it is based, to 
compare the predicted times of failure of the beam with 
those obtained in actual tests. 


III. Experimental 


A number of floor sections each comprising two 
Douglas fir joists stiffened with herring-bone strutting 
at the centre (Fig. 1), and having the dimensions shown 
in Table I, were simply supported over a furnace, the 
temperature of which was raised in accordance with the 
time-temperature curve described in B.S. 476 represen- 
ting the conditions obtaining in a fire. The beams 


TABLE 1.—Results of First Series of Fire Endurance Tests on Beams of Douglas Fir 


Timber beam before fire test 


Timber beam after fire test 
Fig. 1 
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Breaking load factor 


Actual size s : 
Specimen No. ot bens | Stress grading* Working stress 
(in.) Joisters. joist 2 (Ib. /in.?) 

8f xX “13/16 — — 835 fo) 
2825 xst: 26/32 — as 200 fo) 
Nominal 82 X I 15/16 — 1200 400 ° 
any =X 22.n. at x n2 — 1200 600 fe) 
SK Re 1200 — 600 fo} 
Sa XS Ler 5 06 1600 1200 200 fo) 
6 13/f6 X I 11/32 1200 1600 856 (o) 
6 11/16 x I# — — 200 fo) 
Nominal 6¢ x 1% 1200 1200 400 fo) 
7 iw. X Iyin. 6 13/16 xX 1 5/16 1200 1600 600 fo) 
6 11/16 X 1 5/16 1200 1200 600 fo) 
6 LTO oi 122 1600 — 400 O 
5% X I 29/32 1600 1600 859 fo) 
52 xX If 1200 1200 200 fo) 
Nominal © 54 X 1 15/16 1200 1200 400 fe) 
Onin xX e2ene a] xX Ig 1600 = 600 to) 
54 X 2 1200 -= 600 fo) 
5% X 1 15/16 1600 1200 400 Co) 
pax tergige 1200 1200 887 fo) 
4 15/16: x. 1 12/32 1200 1200 200 fo) 
Nominal 5 Ke Lek L/se 1600 1600 400 fo) 
Sein eucx pie. in. 5 x 1% oo 1200 600 fo) 
5. X wk 13(32 a -— 600 fo) 
5. ath a a2 800 oO 
3 ¥1/16 xX 1 31/32 1600 1200 917 fe) 
: 3) 13/16 SXGae 382 1200 — 200 fo) 
Nominal © 3$ X I 15/16 1200 1200 400 fo) 
aby Diqay) bal 3 15/16 X I 31/32 1200 1200 600 fo) 
3% X I 29/32 | 1200 1200 600 fo) 
3 13/16 X I 15/16 | 1200 — 400 fo) 


—é = 


Te 


+0759 
.o182 
- 0364 
-0546 
-0546 
0182 


.0778 
.0182 
.0364 
-0546 
-0546 
-0364 


.0781 
-0182 
.0364 
-0546 
-0546 
-0364 
-0806 
.0182 
-0364 
-0546 
-0546 
.0728 


-0833 
-0182 
-0364 
+0546 
+0546 
-0364 


Fire 
endurance 
(min.) 


*Where the stress grading is not given, the joist through some defect fell just below the minimum stress standard of 


B.S. 940 : Part 2 : 1942 (Grading schedule C). 
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re covered with 1 in. plain-edged boarding at» 


hht-angles to the span, laid with 4 in. gaps at the 
nts to avoid any extra contribution to the bending 
‘ength. The beams were centrally loaded, and 
servations were made of the time taken by the beam 
fail after the furnace was ignited. Fig. 1 shows a 
jam before and after test The results of these 
sts are shown in Table 1. For this series of tests 
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DEPTH OF SIDE CHARRING - INCHES 
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Fig. 2.—Depth of charring of timber beams as a 
function of the duration of the fire test 


e timber was not specially selected, but at a later date 
rther similar tests were carried out on 7 in. X 2 In. 
ists and, in this case, the joists were stress graded 
cording to B.S. 940 : Part 2 : 1942” to obtain members 
ving the range of quality from 800 lb./in. to that of 
ear timber. Quarter point loading was adopted to 
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_teduce the influence of chance defects and to secure 


greater uniformity in the results. 

The experiments were repeated, using beams of 
7 in. X 2 in. spruce, and again the timber was selected 
for these tests as above. The results are shown in 
Table 2. 

Immediately after collapse the beams were cooled by 
water and observations were made on the depth of 
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OBSERVED TIME - MINUTES 


* CALCULATED TIME - MINUTES 
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Fig. 3.—Experimental results of fire endurance of 
timber beam plotted as a function of values obtained 
from expression (3) 


charring. This was always quite sharply defined. 
From the results obtained with the various sections it 
was found that the depth of charring ~ after a time ¢ 
progressed according to the law x = 0.051/°°8 over the 
range of sizes considered; corresponding roughly to a rate 
of charring of 1/40 in./min. (Fig. 2.) 


IV. Discussion of Results 
The experimental results for the fire endurance of 
beams shown in Table 1 have been graphed as a function 
of the results computed from expression (3) in Fig. 3. 
The fact that the resulting graph is not a straight line 
with unit slope passing through the origin shows that 


. the expression derived for the fire endurance is in- 


accurate. Asa further approach an attempt was made 
to fit the results to a slightly modified expression. 
The new expression 


PPC Dead Ar) Ee Poel) tom: er Pe 15) 
where ” and c are constants to be determined by experi- 
ment gives 
nlogr = loge + log(x —T v/s) (1 —T/2-/s)?-. . . (6) 

From the experimental values of Tables 1 and 2 
values for log 7 and log(i1—T +s) (1 — T/2 \/s)? may be 
computed, and if expression (5) is acceptable, a linear 
relationship should exist between these quantities. 
These have been graphed in Fig. 4, where it will be seen 
that this is indeed the case. Wherever the beams 
have been loaded to the same fraction of the ultimate 
load, i.e., have the same value of 7, the mean values of 
log(1 — T ys) (1 — T/2 V/s)? have been plotted. From 
Fig. 4 it is possible to obtain values for m and c ; these 
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TABLE 2.—Results of Second Series of Fire Endurance Tests on Timber Beams 
All specimens tested to failure with quarter point loading to give extreme fibre stress of 600 Ib./in.2 Breaking load factor r = 0.054 


Size of beam Se a Yes ; 1 ae 
Timber species (Nominal Be See rin) es © Sea eciet . Fire ee - 
| ; 
6; xX If 800 800 | 193 
of x If 800 Z 800 18} 
6 23/32 X If | 800 800 12} 
62 < 1727/32 | aa == 19} 
6} xX I 13/16 | 800 800 134 
Douglas fir | 62 x If 800 800 133 : 
6: x If Clear Clear 203 
6} x If | a A 18} 
Clee 4 Pap 12 M 
6} x 34 : “. 134 i 
62 x If x 19} | 
ies E pene 5 j 
6% & If — — 16 : 
of xX If 1000 1000 153 7 
6 25/32 xX 1% — — | 144 f 
62 xX 1% 800 800 144 
Ocala 800 800 153 
Spruce 6 25/32 X 1% — — oF 
62 x 1 Clear Clear 16¢ 
62 X- 127/32 1200 Clear | 15 
6 25/32 Xx If * 1200 1200 144 | 
62 x If 1200 1200 | 134 | 
Cui t/L6O xe ae | 1200 1200 | 142 


both have the value of 4 and thus the expression relating 
the fire endurance of timber beams to their physical 
dimensions becomes 


peak Tay Te one ee 


There is good agreement between the experimental 
fire endurance of beams and those computed from 
expression (7) (Fig. 5). The only marked deviations 
occur in beams which failed soon after the test had 


- MINUTES 


OBSERVED TIME 


CALCULATED TIME - MINUTES 
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: é 

Fig. 5.— Comparison of experimental times for tire endurance with — 
1. | 

those calculated from r # = 4 (1—T¥4/s) (1— ——) : 


‘ ors j 
LOG. (1- THs\1- Ee) Vv : 


C ight d : : : 
pcb cc ee es commenced, and these may be attributed to the difficulty _ 


T,; of controlling accurately the furnace temperature during - 

: 4 

Fig. 4.—Log r plotted Ee a function of log (t—T+/s) (1— Z 7 the early stages of the test; this represents a large 
where ae oe fraction of the time in tests of short duration. . 
20/a ney 

t = time to fail V. Optimum Dimensions of Beam for Maximum 

a = area of cross section - Fire Endurance ; 

: ace pe It is well known that in simple theory for a beam to- 

Breaking load have the maximum strength for a given cross-sectional _ 

depth of beam area, the ratio d/b should be as large as possible. It ist 

so mes Gant also clear, however, that as 6 is reduced the vulnerability 


breadth of beam to fire is progressively increased, so that the require- 


4 
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TABLE 3.—Fire Endurance of Timber Beams of Various Sizes when Subjected to Different Loads 


Breaking load ratio y 


Size of beam 2 ie: a ae iw Pes 

(in.) 0.136 0.109 0.090 0.072 0.054 0.036 
min. min. min min min min 
9 X 3 12} 164 20 234 27% 23 

Ges. 2 gt 12 144 17 19 2 
Bx 2 9 rit 14 164 214 23 
8 xX 14 7 9 103 13 143 17t 
Pe 3 of 15% 19 224 26 314 
Te Ne? 83 II 132 16 18z 224 
7x 14 7 3 10} 124 14h 174 
OLX 2 84 10% 13} 15% 18} 22 
6 x a4 6} 84 104 124 16 17 
6x 1 4 6 7 8 of a 
Bo 12 8} 104 12} 154 172 21} 
eee 64 8} ro} 12 13} 162 
5. I 4} 6 74 84 10 114 
AX, 2 74 Io 124 14% 17 204 
4x xt 64 8 of 114 13} 16 
ae D 42 6 7 84 94 11% 

! 


ments of mechanical efficiency and fire resistance are 
incompatible. : 

The shape of beam having the optimum fire resistance 
when loaded to a given fraction of its breaking load 
will be given by the maxima of T in expression 7. The 
analytical solution of this is both difficult and compli- 
cated, and the problem of finding the maxima of T in 
relation to s is more easily solved by graphical methods. * 
Fig. 6 shows a family of curves of T as a function of s 
with y as a parameter. It will be seen that 7 (and 
therefore the fire endurance) is a maximum for s = I 
irrespective of the loading ratio (7) of the beam. A square 
cross-section beam would therefore have the maximum 
fire endurance when loaded to a given fraction of its 
breaking load, and this would be about 50 per cent. 
greater than that given by sections in common use 


*Foy ease of computation it is better to graph x as a function of T 
with s as a parameter, and then to veplot T as a function of swith r 
as a parameter. 
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Fig. 6.—The family of curves r? = $(1—T 4/s)(1I— 
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Fig. 7.—The fire endurance of various sizes of timber beams as a function of the load 
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(s = 3.5 to 4.5). 

economical to use as the load it can support is lower than 
that supported by a deeper beam having the same area 
of cross-section. Wnen this factor is allowed for, it may 
be shown that over the range of sections tested, ‘the 
optimum shape is not very critical for beams having — 
normal superimposed loads. 


VI. Practical Considerations 


The family of curves shown in Fig. 6 enables the fire 
endurance of timber beams of various sizes to be calcu- 
lated rapidly, and to do this three quantities are required 


(x) the area of cross-section @ = db in in*. 
(2) the shape ratio s = d/b 
applied load 
(3) the ratio y = —————_—__ => 
breaking load 


fibre stress under applied load 


ultimate fibre stress. 


Knowing 7 the appropriate curve is chosen from the 
family of curves in Fig. 6 and the value of T correspond- 
ing to the known value of sisfound. The fire endurance 
of the beam is found by multiplying T by 20 v/a, a being 
in square inches, ie., ¢ = 207 Va. 

Tue fire endurance of some of the usual beam sections 
under different load conditions are shown in Figs. 7 
and 8, and Table 3. It will be seen from these curves 
that the main factors governing the fire endurance of a 
beam are the width of the beam and the applied load. 


VII. The Fire Endurance of Timber Beams with 
Associated Ceiling Constructions 


When considering the fire endurance of floor con- 
structions employing timber beams, additional protection 
is afforded by the ceiling. Table 4 shows the time taken 
by fire to penetrate the various ceiling constructions, and 
these times should be added to those for the fire en- 


TABLE 5.—Comparison of Calculated Fire Endurance with Actual Test Results for Various Types of Floors 


A square section beam is however not ~~ 


‘Table 4. 
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durance of the beams for the particular combinatio 
under consideration. 


TABLE 4,—Time for Fire to Penetrate Various Ceilin 
Sous UCHOrS | 


| Time for flamd 
penetration 
(min.) 


Description of hne 


Fibreboard 4 in. thick without plaster finish 8 


with 3/16 in. skim coat 

of plaster 10 

with $in. coat of plaster 20 

Plasterboard #in. thick without plaster finish | | 10 
with 3/16 in. skim coat 

of plaster , 13 

4 in. thick without plaster finish 18 

with skim coat of plaster 25 

Plaster (gypsum) $ in. thick on wood lath ie 17 

Plaster $ in. on expanded metal ; 41 


It will be seen that often it would be cheaper to obtair 
the requisite fire endurance by the provision of a bette 
ceiling protection rather than by increasing the beam 
section. | 

A number of ae resistance tests were carried out on 
floors supported on timber beams protected by various 
ceiling constructions. All the specimens were support 
on beams having a clear span of 12 ft. with a bearing of 
5 in. at-each end. The heating was in accordance wit 
the time-temperature curve of B.S. 476. 

Table 5, shows. the fire endurance. obtained experi 
mentally, and this is compared with the predicted fire 
endurance for the timber beams (Fig. 7), added to th 
fire endurance, of the ceiling construction as given i 


VII. Conclusions _ 


It has been shown that the fire endurance of timber 
beams may be calculated, given the dimensions and th 


Time for 
Applied flame yee Totalestimated| Time to 
Deseript f 5 test load penetration f oat endurance collapse 
PSCTA TICE Cp BRE GISD of ceiling eee for floor in test 
(Ib. /ft.2) from Table 4 os . c (min) (min.) 
(min.) } 
7in. X 2in. joistsat 15 in.ctrs.; flooring of 1 in. 
P.E. board ; ceiling % in. ape and skim 
coat of plaster ABA 308 ai 463 60 13 11}* 244 
ditto, but ceiling 3 in. gypsum plaster on wood lath 60 17 5 28 
ditto, but ceiling 4 in. fibre insulation board Bae 60 8 12s 20 
7 in. X 2 in. joists at 16 in. ctrs. ; flooring of 1 in. 
T & G board ; ceiling 4 in. fibre insulation board 30 8 18 26 
gin. X 2 in. joists at 16 in. ctrs. ; flooring of 1 in. 
T & G board ; ceiling 4 in. fibre ‘insulation board 
and $ in. plaster Py <n Wie sare ae 60 20 Wy 37 
ditto, but ceiling 4 in. plasterboard oh a ha! “60 18 17 | 35 
| 


Note.—Where tongued-and-grooved boarding is used an increase in fire endurance is to be expected owing to its stiffening effect o 
In the experimental constructions the joists were stiffened at the centre of the span by Paine boas strutting ; no co 


the joists. 
parative tests were made of joists without strutting. - 


The difference between the figures marked with an saiennieen is due to the diferenced in the dead weights of the ceilings. 
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Fig. 8.—The fire endurance of various sizes of timber beams as a function of the load 


loading condition. For any given shape and load the 
fire endurance will be proportional to the square root 
of the cross-sectional area. The maximum fire endur- 
-ance in relation to the cross-sectional area will be 
achieved for beams of approximately square cross-section, 
when loaded to a given fraction of its breaking load. 
‘This will not result in the greatest timber economy, 
as the initial strength will be lower than that of beams 
having a higher ratio of depth to breadth. When this 
factor is taken into account the fire endurance of a beam 
is badly affected by its shape. 
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Elements of Soil Mechanics in Theory and 
Practice, by K. Ll. Nash (London : Constable, 1951). 
ZrO pp., 8 in. < 5 In.; 9s 

The book starts with a brief but very informative 
history of soil mechanics which emphasises the all- 

‘important fact that although the term “‘ Soil Mechanics ”’ 
is new, its methods have been known and applied 
unconsciously by engineers for many years. They have, 
however, only recently been correlated and standardised 
sufficiently to form a recognised method of investigation. 
The history is followed by brief descriptions of the 
methods used on site investigation and testing, indi- 
‘cating the general principles involved and omitting 
details which can only concern the more advanced 
student. Finally, there are very informative descrip- 
tions of the application of the results obtained by soil 
“mechanics methods. These descriptions really do 
demonstrate how soil mechanics can help the practical 
engineer. 

In connection with the passage on site exploration 
(pp. 14-21) it is considered that. more emphasis should 
be laid upon the importance of careful consideration 
e the choice of methods used, the extent of the investi- 
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gation, and its accuracy. It is obvious that all the care 
in the world over testing soil properties and applying the 
results to engineering calculations will be futile if they 
are applied to soils not truly representative of those 
which are subject to stress and other factors imposed 
by the work to be undertaken. The fact that the 
exploration is usually undertaken in places remote from 
the rigid control of the office or laboratory, makes it 
all the more important to stress the value of careful and 
expert consideration. 


The author is to be congratulated on the immense 
amount of useful information which has been condensed 
into so small a book. The student who aims at a 
practical engineering career will obtain from this book 
a very good general idea of the methods and application 
of soil mechanics. To one who aims at specialising, 
it is an excellent preparation for the more advanced 
works. The concise and interesting manner in which 
the book is written will also make it very acceptable 
reading for the more experienced engineer who has not 
had the benefit of an academic training in the subject. 


ate 2 Ms 


34 - 


The Torsional Strength of 


By W. B. Dobie, M.Sc., Ph.D., F.R.S.A., A.M.I-C.E., A.M.I.Mech.E. 


Introduction 
In structural engineering many members are subjected 
to some torque, although this is only occasionally taken 
into account. The exact determination of the torsional 
properties of structural sections is thought to be too 
complicated for the design office although empirical 
expressions have been used. For design purposes the 
torsional properties required are 
(a) the stiffness of the member, and 
(b) the torque to produce specified stress conditions. 
The elementary expression for an elastic bar of con- 
stant circular cross-section transmitting a constant 
‘torque, 7, is 
es is 
eee —. ee eee: Siete on A, 
if y 
where J is the polar moment of inertia, g is the stress 
at the radius 7, C is the Modulus of Rigidity and ® is 


Fig. 1 


the angle of twist per unit length. The angle of twist 
per unit length is constant along the bar length and, 
writing 6 for the maximum twist and / for the length, 


*Paper to be read before the Institution of Structural Engineers, 
at 11, Upper Belgrave Street, London, S.W.1, on Thursday, 
February 28th, 1952, at 6 p.m. 
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the stiffness is 


i GT ; 
a Se aS 2 ee 
0 l 

In terms of the unit twist, the maximum stress is 
Qmax = COR Sesh ee tame 3a. 


where R is the maximum radius of the shaft. 


Equations 2a and 3a provide the data necessary for 


the complete design of an elastic member of constant 
circular cross-section. For non-circular cross-sections 


the equations are similar but the determination of the 


parameters corresponding to J and R is more compli- 
cated, 

The basic assumption, that initially plane cross- 
sections remain plane on twisting, applies for the 
circular cross-section but for non-circular cross-sections 
these planes are distorted ; Fig. 1 shows the distortion 
in a twisted rubber prism of rectangular cross-section, 


4 
Fig. 2.—Stresses due to free torsion 


Because of the warping of the initially plane cross- 
sections, it is necessary to consider the torsion problem 
by the mathematical theory of elasticity. 


Theory of Elastic Torsion 


Considering the equations of equilibrium -and the 
conditions of compatibility, the governing equation to 
be satisfied at all points in the cross-section is! 


SN je EO 
where the operator \7? is given by 
d2 - 62 
vye= 
3x2 dy 


and @ is a stress function ; the stresses, indicated in 
Fig. 2, are, in terms of the stress function, 


i) oa) 
xz = CO— and yz = —Co — 5 
dy ox 
The boundary conditions are satisfied if 
og 
—=0 
os 


y 


; 
2 
4 
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vhere s is the length along the boundary ; since the 
onstant of integration is arbitrary this can be written 


mage AER Re ss, ath ee SO 
The torque, 7, is given by 
Pee O 


@ dx dy 


nd, rewriting this like equation 1 for the circle, one 
inds that the property corresponding to / is the torsion 
‘onstant 


Ge) | 


ind the stiffness for the complex section is 


| 
| 


a) I[-beam 


4 Channel 


—Grtact between reentrant radius 
and inseriked circle 


Fig. 3.—Symbols for dimensioning I-beams and channels 


The resulting stress, g, at a point in the cross-section, 
is given by 


: (——-) =(——_) + (—_) 
CoO 3x Jv 
so that 
4 qgq=COgrdo.... 3b 


Comparison with equation 3a shows that grad © 
measures the stress and it is usual to denote it by R, the 
stress factor. : 
To determine K and R it is necessary to obtain a 
solution to equations 4and 6. Solutions can be obtained 
for structural sections by 


(A SETA as ae eee 
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(a) analogies, and 
(b) numerical computation, 

In this investigation the membrane analogy and 
relaxation methods were used, these being considered 
the most efficient methods which required the least 
equipment and which were not laborious. An investiga- 
tion of the accuracy obtainable by these methods? 
showed that it was of the order of 2 per cent. ; the 
section examined was circular with a circular groove, 
which section has a concentration of stress at the bottom 
of the groove and for which an analytical solution was 
possible. Both methods of determining the stress 
function were described in a previous paper!® to the 
Institution by Cassie and Dobie. 


Torsional Stiffness 
Consideration of the Prandtl membrane? shows that 
a complex section, such as an I-beam, can be looked 
upon as the sum of a number of simpler geometrical 
shapes with due allowance for the effect of integration 
into-the whole. The obvious division for a flanged 
cross-section 1s 
Kom Ky + hs + Kj 

where A is the torsion constant of the section, 

Ky is the contribution of the web, 

K; is the stiffness of the flanges, and 

Ky, is the junction effect. 


British Standard Beams 


The shape of the Prandtl membrane shows that the 
contribution of the web is approximately equal to that 


of a rectangle, i.e., 
Tepeesta PRL) 269) $8 Dawe re ieee sara ee, $C) 
See Fig. 3 for the interpretation of the symbols. 


0.2 


ar 


Junction factor 


° bo 20 
Ye, 
Fig. 4.—Effect of t,/c, on Junction Factor %j 


Tests in which only the flange was modified showed 
that K: was a function of (B —1,)/t, and ¢,/c, ; for t/cy 
equal to nothing or infinity, Kr was given by the ex- 
pression for four trapeziums®, viz., 

B—t, 
4K tr = (Cy + €g) (Cy? + Co”) —4Vacg* - . . 10 
6 


where Vs is the end constant, normally 0.105. Cassie 
and Dobie® presented the contribution of the flanges as 
the ordinate of a graph with (B —+,)/t, and t,/c, as 
abscissa and parameter. 

Observation of the Prandtl membrane at the flange- 
web junction showed a hump which was approximately 
spherical. This suggested® the empirical relation for 
the junctions 

ie OU nos ete an @ | EE 


where do was the diameter of the inscribed circle for 
zero fillet radius and x; was a junction factor which is 
given in Fig. 4. 
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In a similar way, the contribution of the fillets at the 
re-entrant corner was expressed, for an I-beam, as 


RK; = 4ar d4 e, 5 ° e BEY, 


the radius factor, «, being approximately a ties 
function of r/c, 


te == OCO230 === So Ros) eat ee ey 


and d being the diameter of the largest inscribed circle. 
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Raciius tactor Xp, 
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Fig. 5.—Radius factor 


The experimental curve for or is shown in Fig. 5. An 
alternative method of calculation is to write 


SG pe ce = 1 ea eae bd 
the co aparison between calculated and frre values 


being shown in Fig. 6. This latter method is suff- 
ciently accurate in the practical range. 


Other Structural Sections (Channels, Angles, etc.) 


The rules formulated for B.S.B. sections were investi- 
gated further before applying to other sections. It was 
assumed that the components of stiffness Ky, Ky and 
Ky, were the same for all sections and the method of 
determining Kr was examined more closely. 

Fig. 7 shows the dependence of K; for B.S.B. sections 
on the ratio ¢,/c,; as well as the obvious term (B —+,)/t, ; 
this is due to the variations in the flange boundary 
conditions at the junction with the web. The degree 
of restraint on the Prandtl membrane at the junction 
of the flanges and the web determines the increase in K: 
above its value Ko when ?¢,/c, is equal to zero or infinity. 
Since the difference (K; —Ko.), is attributable to the 
junction it seemed appropriate to express it in a form 
similar to that used for A;. Consequently the flange 
contribution was written 


hee SS + Zaye de . . . . . . 20 
and «jr, calculated from Fig. 7, was iguee to i. a linear 


function of (B —+,)/t, as well as a function of t,/c,, 
Fig. 8. The factor «+ was conveniently expressed by 


the relationship 
(B —4)) 
rI-+ 0.28 Ms 2a eee oe TO 


t 
where the factor a is given by Fig. g. Equation 16 is 
applicable only up to (B -—+,)/t, = 12 ; at a higher value 
it is probable that «;r will tend to an asymptote. Further, 


ar = 


‘equation 16 is valid only for flange fimenesses between 
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xjr must be zero for (B —+,)/t, equal to nothing, so that 


2 and 12, which amply covers the practical range. 

Also shown in Fig. 9 are the results of a further series 
of soap film tests (MAC). To determine whether the 
results obtained for B.S.B. sections were applicable te 
any type of structural shape, the stiffnesses of a number 
of channel sections were determined : these channel 
sections were of the following dimensions : 


Flange width sus BD. 3.010 eae 
Depth a bars ae Rao 
Flange thickness ... f, 0.995” 
Re-entrant radius ... 7 0.256” 


Flange taper 


10 15 
1GNs 
Fig. 6.—Variation of torsion constant K with r/c, 


os Kw/et 28 


The web thickness ¢, was continually increased from 
0.232"’ to 1.989’ by }” (nominal) steps. The flange 
contribution was written 

o = */5(B —t)t.° —0o.42t,4 

At ¢, approximately equal to c, a maximum value of 
2a was obtained, further confirming that this condition 
produces the stiffest section. q 

Using Figs. 4, 5 and 9, therefore, the torsional stiffness 
of most practical solid sections used in structural en 
gineering can be computed. In a recent investigation 
of the stress distribution in a welded plate girder, Mack By 
and Brotton’? measured the torsion constant and found 
it to be 3.23 in.* ; calculated by the method suggestec 
the value was 3. 42 in.*, the variation probably being due 
to a number of causes including slight errors in t 
method of computing K, and in the experimental resul 
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and possibly due to lack of uniformity at the welded 
junctions. 


Maximum Elastic Stress 


Love® considers that the strength of a prism to resist 
torsion depends on the maximum shearing stress and, 
since the majority of designers use a safe elastic stress 
as a criterion of design, the clarification of existing data, 
with particular reference to structural shapes, would 
eb valuable. 
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Fig. 7.Contribution of 8° taper flanges to the stiffness 
of an I-beam 
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St. Venant observed in his Memoir® that in all the 
cross-sections enumerated, the points of maximum 
shearing stress were those points of the contour nearest 
the centre of the cross-section, but a later statement 
generalising this was amended in his edition of Navier’s 
“ Application de la mecanique.”’ 


Boussinesq!® proved a theorem that the maximum _ 


shearing stress occurs at the boundary of a section. In 
his paper, Filon!! says that Boussinesq supposed that 
the “‘fail’’ points must be those nearest the axis and 
showed that this was not necessarily the case. Higgins! 
insists that Boussinesq did not make this supposition 
and attributes the error in Love’s book to Filon’s paper. 
It would appear that the statement, whoever it was 
originally made by, misled Gibson and Ritchie’ to 
suppose that the maximum stress for an I-beam occurred 
in the web. 

_ Kelvin" first pointed out, using the hydrodynamic 
analogy, that the stress was infinite at re-entrant corners 
of zero radius. Experience of the Prandtl membrane 
for technical sections shows that the maximum stress 
usually occurs at the re-entrant fillet. Griffith’? found 
hat the maximum stress generally occurred at, or near, 
the points of contact with the largest inscribed circle, 
and of these, at the one where the curvature was algc- 
praically the least. 


08 
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Flange Fineness (8-6,)/t, 
Fig. 8 


Analytical solutions for the maximum shearing stress, 
like the torsion constant, can only be obtained for 
geometrically simple sections. A useful result, obtained 
either by a series solution or by consideration of the 
Prandtl membrane, is that the maximum stress in an 
infinitely fine rectangle is 

Tb 
Gmax = COb= 


K 
where 0 is the breadth of the rectangle ;‘the maximum 
stress occurs at the middle of the longest side. 


Fig. 9 


Practical interest has been centred mainly on the 
angle with equal leg thicknesses, ft. The effect of the re- 
entrant fillet is normally expressed as a stress-concen- 
tration factor using the maximum stress in the leg at a 
considerable distance from the re-entrant corner as a 
basis. Fig. 10 shows a number of the results plotted 
on dimensionless axes. The results of a few previous 
investigations into the extent of concentrations at the 
re-entrant corners of I-beams are shown in Fig. 11. 

From the published data two conclusions can be 
formed : first, results obtained by the soap film apparatus 
show some variation and therefore considerable care is 
necessary in using the apparatus, and secondly, only 
the general trend of the maximum stress can be visualised 
and that only for a specific type of section with equal leg 
thicknesses. 


Fig. 10.—Stress concentration at the re-entrant fillet of an 
equal-leg angle section 


A. Griffith and Taylor?’ as a result of soap film tests gave, 
for concave boundaries 
( d 
0.118 loge(r-+—) + 
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where @ = diameter of inscribed circle. 
y = radius of curvature of boundary, and 
“% = angle turned through by tangent. 
In their paper to the Institution of Mechanical Engineers ?° 
they gave for a re-entrant corner, 


I 
qk ——————_ [S/amcaa Ne d | 
—_ = | md” [ + ons; ( )+ | 
Td 47 (=) - ( 4A av | 

( 4A 

B. Cushman?! carried out a series of soap film experiments 
but they were not as extensive as Griffith and Taylor’s ; the 
investigation was mainly concerned with the general use of the 
membrane analogy. ; 

C. Ehasz, in the discussion”? of Lyse and Johnston’s paper on 
structural members in torsion gave further experimental results, 
obtained by the membrane analogy, on two particular angles, 
4in. ¥ 3 in. K-44 in. and.4 im. X 34m. X $i: 

D. Trefftz** used a Schwarz-Christoffel transformation to 
obtain the maximum stress for a small fillet radius and found 


that 
qk 3 GP 5 
mare Faget! = 
Tt Y 


where ¢ was the leg thickness. 


E. Timoshenko! assumed that the stress function contours in 
the neighbourhood of the re-entrant corner of an equal angle were 
parts of circles and that the stress was zero at a distance }/ from 
the boundary ; the governing equation then became an ordinary 
exact differential equation which was integrated to give 

qk t 
—— = I a Poans 
Tt 4v 

Ez, Assuming the stress is zero at the centre of the inscribed 

circle one finds that 
qk ¥ t 
—— = 1.36 + 0.2 — + 0.34 — 
Tt t Y 
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The investigation described in the following para 
graphs considered geometrically different types of 
I-beams, the basis of the experimental work being made 
by relaxation methods and the results checked by the 
membrane analogy, since its accuracy was found to be 
reasonable in a controlled experiment.? _ 

First, the variables affecting the maximum stress were 
considered. Previously, the maximum stress was_ 
assumed to be a function of the diameter, d, of the 
largest inscribed circle and the stress-concentration was 
expressed by a function of a dimensionless parameter 
involving the re-entrant radius. To specify completely 
the stress at the re-entrant corner at least as man 
variables are necessary as are required to specify the 
shape and size of the section. Such variables would be 


: | 
2=.(B 4), 1D —21,\/b, 8, oad. 
d 


The tentative assumption that the stress can be 
expressed by a product of the functions of each of the 
above factors was made anda series of tests designed 
to verify it. Table 1 gives a summary of the sections” 
examined. 

The reasons for carrying out particular series of tests 
are evident from the details ; series 3 was designed to 
investigate whether the results obtained from series 1 
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Fig. 11.—Stress concentration at the re-entrant fillet of 
an I-section with flanges and web of equal thickness, t 


Ehasz22, in addition to the results on angles plotted in Fig. 10, 
has given some details for two I-beams. 


Westergaard and Mindlin*4 obtained a solution for an I-beam ~ 
by stating that the Prandtl membrane is a surface of constant 
total curvature and writing this as the sum of the curvature 
of the contour lines and the transverse curvature of the mem- 
brane in the radial direction. On suitable simplifications this 


qk I C, ie 
-— [ Grad + = <= + 
Te, 3 A ai 


where C, was the root thickness of the flanges. 


Christopherson?’ in a theoretical investigation of the plastic 
torsion of a particular I-beam, calculated the elastic stress at the 
re-entrant corner, by relaxation methods. 
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and 2, in which only 7/d and « were varied respectively, 
would agree with test results when the two variables 
were altered simultaneously. If agreement could be 
obtained it was felt that the tentative assumption 
expressed previously was valid. The effect of (D —2ts)/ 
f was assumed to be of the same order as that - 
(B —1t,)/t,. Only the latter was investigated, series 4, 
for it was found that the effect was of a very minor 
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shaded regeon see figure 12 (b) overleaf 
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Fig. 12. (a)—Relaxation network for I-beam 


nature for B.S. sections, indeed both ratios can be 
neglected. 

The stress function values for the sections marked RK 
in the table were computed by relaxation methods. A 
basic network of 0.25 was used and in the region of the 
re-entrant corner this was reduced to 0.0625. Residuals 
were reduced to 0.0025 or numerically less as shown in 
the finished. network, Fig. 12. 
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Fig. 12 (b).—Reduced network in region of re-entrant corner 


l’rom the stress function values obtained by relaxation 
methods, the stress was determined in the form q/C® 
which is a length, R, and which is given by the slope 
dé @/dn, nm being the length of the boundary normal and 
@ the stress function. 

Stresses were determined at the boundary, for points 
corresponding to each node nearest the boundary, by 


assuming that the stress function could be represented - 


by a second degree polynomial 


B= Ay + 4% + ax 
From Fig. 12c it is obvious that 
Xo xy 
®, ®, 


Xo es | 
Fig. 13 gives three typical stress distributions obtained 


by this method and shows that the maximum stress. 


« 
occurs in the region of the point of contact with the — 
maximum inscribed circle. . 

Using the membrane analogy the maximum ae 
was determined for the sections marked with an M in — 


the table. 
as those found by relaxation methods, the test of 
accuracy of both sets of results being the scatter from — 
the mean line. 

In the analysis of the results, dimensionless variables 
were used, the diameter d expressing the “ size’”’ of the 
section. Fig. 14 shows the effect of v/d and illustrates, 
as Kelvin first pointed out, that sharp re-entrant corners — 
produce infinite stresses. The effect of the contact 
angle «, is given in Fig. 15 by tke angle factor, fy, 
calculated so that it can be used in conjunction with — 
Fig. 14: 2 

It is integra to note that when /d becomes infinite — 
the junction takes the form of an isosceles triangle with — 3 


5 


These results were plotted on the same base f 
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Fig. 12 (c).—Computation of stress at boundary 


se angle of 53°. Using the solution for an equilateral 
iangle and reducing the base angle to 53° by Fig. 15, 
ie horizontal asymptote of Fig. 14 is found to be 
765, which is in excellent agreement with the experi- 
encal results. 

To verify the idea of calculating the maximum stress, 
Ties 3 was designed to give simultaneous variations 
r/d and «. Good agreement is obtained in Fig. 16 
tween the experimental values and the curve calcu- 
ted from Figs. 14 and 15. For small thicknesses of 
eb there is some deviation but for practical cases, 
here ¢,/c, is usually greater than 0.5, the method 
ypears to be reasonable. 


4t 


_ Figs. 17 and 18 give the results of series 4 and 5, and 

illustrate the effects of flange-fineness and flange taper. 
The effect of flange width is given, Fig. 17, as g/g, vs 
(B —1t,)/t.. If t,, ry and 8 were all zero, the I-section 
would become two separated rectangles the effect of the 
fineness of which was calculated. The agreement 
between the experimental results and the values calcu- 
lated for the rectangle was so good that no attempt was 
made to adjust the curve except at small values, at 
which the effects of finite values of ¢, and r become 
important. It-would seem therefore that the curve 
has a “‘tail’’ which deviates from the curve for the 
rectangle, the extent of the deviation being a function 
of ¢,/c,, as drawn. For B.S. sections the flange fineness 
is always greater than 4 and since ¢, is of the same order 
as ¢,, one might conclude that the effect of flange width 
can be neglected. 

It is possible that there is some compounding of the 
variables such as the effect of ¢,/c, on g/g, in Fig. 17. 
The effect of the flange taper might be a function of 
variables other than @ and in Fig. 15, fy may not be 
independent of 7/d. However, in view of the agreement 
obtained in series 3 such effects have been neglected 
especially because the sections of interest to structural 
engineers lie in a small range at the centre of each series. 

Application of the curves to compute the maximum 
stress in structural sections was carried out as follows: 

(a) d, r/d and « were calculated : 

(b) g/C @d was read from Fig. 14 and fy from Fig. 15 : 

(c) g/C® was obtained for infinitely fine flanges with 
zero taper by multiplying together the values 
obtained in 6, and then by the diameter of the 
largest inscribed circle, d : 

(d) the result of the last calculation was corrected for 
other variables, using Figs. 17 and 18, where 
necessary. 

In- Figs. 10 and 11, the curves marked ZZ were 

calculated by the method outlined and compare well 
with the results of previous investigators. In particular 


. TABLE 1.—Summary of Sections Examined 


== 5 


, k Method e 
Series | Section d v € ty (By) /t, | (D-2te)/ty 8 ot Cy 
of test | 
: I R I.500 0.25 I.10 I.10 0 n fo) Ey foe) 1.10 
2 R 0.50 I.00 1.00 1.00 
I °3 R I.00 0.80 0.80 0.80 
4 M 1.50 0.60 0.60 0.60 
5 R 2,00 0.40 0.40 0.40 
6 M 3.00 ° fo) oO 
I R 1.280 0.50 0.27 125 a) 2 ° 6.5 0.27 
2 M 0.61 1.06 25.0 0.61 
2 3 R. M. 1.00 0.50 48.5 1.00 
4 M 1.13 0.14 60.0 Teekis 
5 R Eales oO 72.0 ty 
ie M 1.125 0.50 1.00 o eg a Co) 61.9 [.00 
2 R. M. 1.280 0.50 48.5 
3 3 R [-382 0.75 42.8 
4 R ‘I. 500 1.00 37-0 
5 Tra 2.125 2.00 : 16.2 
I R 1.280 0.50 1.00 0.50 1.00 n fo) 48.5 1.00 
2 R 1.50 
4 3 R 2.00 
4 M 3-50 
5 M 5.00 
‘ 6 R 7.00 r 
:; I R 1.280 0.50 I.00 0.50 7.00 ce) fo) 48.5 1.00 
2 M 4-4 0.75 
9.2 0,50 
z x 13.8 0.25 
18.0 o 
5 R Ski xeey 


Tye == Relaxation methods 


M= Membrane ; analogy 
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Fig. 13. (a)—Typical distribution of stress at re-entrant fillet 
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Distance along boundary from point of contact with inscribed circle 
Fig. 13 (b)—Typical distributions of stress at re-entrant fillets 
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excellent agreement is obtained with the isolated value member subjected to pure torsion, professional com 


for an I-beam calculated by Christopherson!®. Agree- mittees give no guidance on the best methods of design 
ment in Fig. 10 indicates that the application of the nor do they decide how the strength of a member should” 
curves to single-flanged cross-sections gives good results. be computed. One must therefore use the standard 
methods of design of bent beams to guide an investiga= 

Limiting Torque tion, and this suggests three possible methods of assessing” 


If one could specify, with accuracy, the load a member the See torque : ‘ ; : 
was required to carry, the need for factors of safety (a) maximum deformation, | 
would depend on the accuracy with which the strength (b) limiting stress using the elastic theory, and 
of the member could be computed. Considering a (c) simple plastic theory. 
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daximum Deformation 

The limiting torque depends on the maximum de- 
ormation agreed upon : if the twist is to be less than 
'u then the limiting torque T, is, by equation 2a, 


CK 9m 
fa 


nee 
l 

In the main beams of a structure the torques are 
vften due to the end-fixing moments of secondary 
nembers, consequently ®m for the main member is 
ontrolled by the slope allowed in secondary beams. 
\ssuming that for any bent beam the slope could have 
yeen limited instead of the deflection, it follows that 0m 
hould not be greater than the maximum slope. Writing 
he maximum deflection as 1/350th of the beam span, 
he maximum slope s/350, for the four common cases is 


: | | 
Loading | End Conditions | Ss 
Se | 
Uniformly free | 3.20 
distributed | fixed 3-07 
Sentral — | 3.00 
concentrated xed : 3.00 
aS 
Consequently, 9m should be less than 1/100 radians and 
CK 
T5 = 
rool 


It is interesting to compare Ty with the minimum 
vending moment, M 3, required to produce the maximum 
leflection in a beam of given span, 7. The minimum 
ending moment occurs when the beam is bent by two 
ouples, one at each end. Using the simple bending 
heory, the end-bending moments to produce the 
naximum deflection of 1/350, are 
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EI Fig. 14.—Stress concentration at the re-entrant radius of 
a twisted I-beam 
Ms = ——— ; 
; 43.71 ’ : 
ind the ratio T9 CK tabulated below for some representative B.S.B. sections, 
—— = 0.437 — illustrates the inherent torsional weakness of standard 
a EI sections. 
: TABLE 2.—Torsional Strengths of Representative B.S.B. Sections 
A 
; Ee | 
K § : an af 
BSB: ee —_—— th Z 9 ai, To Im 
L M3 } 
) _— 
140 8.62 0.000 568 | 2,620 114,000 193,500 | 204,000 216,000 
135 6.40 0.000 9258 2,580 81,000 143,000 | 142,000 166,200 
133 6.89 0.001 150 3,120 IOT,000 143,000 | 160,000 179,000 
130 2.00 0.000 675 T,000 34,700 72,500 62,500 73,200 
129 1.69 0.000 660 $21 30,500 66,300 52,500 | 61,300 
128 0.43 0.001 520 3,330 | 82,500 129,000 | 144,000 | 168,000 
| | | 
123 4.23 0.001 880 2,550 58,000 91,400 | 99,500 | 114,500 
| 
122 2.40 0.001 260 | 1,420 39,300 71,600 | 69,000 | 79,500 
| | | | = 
108 0.19 0.001 510 [fe 228 | 6,000 . 12,500 | 10,100 11,600 
| | : 


Torsional strengths, in inch pounds, were calculated on the 
ollowing bases : 
7, Maximum twist limited to 0.01 radians over a beam length 
equal to 16.5 times its depth. 
Tq Material at the point of maximum stress starting to yield, 
i.e., the maximum elastic stress in the sections equal to 
; the yield stress of 8 tons per sq. in. 
P Ty Simple plastic theory assumed and the following empirical 
i: expression used: Ty = 0.1415A413q 


Tm Mean elastic stress at the boundary of the sections equal to 
the yield stress, i.e., the stress factor R = 24/P in equation: 
3a where 4 and P are the area and perimeter of the 
section. 

T, An empirical expression suggested by Orr ¥*, for which 
the stress factor, R, is given by : 

2A 


R= a 
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To compare the limiting torque calculated by the 
three methods proposed, the absolute values of Tg must 
be established. Since the length, 7, of the member 
does not enter into all three calculations, it was assumed 
for convenience to be equal to the span of an efficiently 
designed bent beam. 


Angle factor % 


6 30 
Contact angle, X, degrees 


Stress factor FCO (in) 


lontocl angle ,x, degrees. 


Fig. 15.—Effect of contact angle, «, on the maximum 
stress in a twisted I-beam 


For a beam bent by terminal couples and efficiently 
designed to deflect the maximum value and be ee 
to the maximum elastic stress of g tons per sq. 
the span is 16.5 times the depth. Using this Bean 
length, the end torques, 7,, to produce ®m were calcu- 
lated, these being considered the limiting torques. 


Limiting Elastic Stress 


Due to the concentration of stress at the re-entrant 
corner, plastic flow will start there if the stress exceeds 
the yield point. Considering a material with a tensile 
yield point of 16 tons per sq. in., the stress at the re- 
entrant corner should be limited to 8 tons per sq. in. 
if the member is to remain elastic. The corresponding 
limiting torque, Tg, is 


K 
Vg = -— x 8 tons per sq. in. 
R 


which is also tabulated. It is obvious, if one compares 
T, and T,, that the weakness of B.S.B. sections trans- 
mitting a torque, the axial displacements being un- 
restrained, lies in the deformations produced and not in 
the induced elastic stresses. Exceptions to the state- 
ment could no doubt be produced, e.g., in members where 
fatigue or stress-corrosion is likely to occur. 
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If the angle of twist is not limited, the suitability o 


Ty, for determining the limiting torque is in ‘doubt ; the 
high concentration of stress at the re-entrant corner 
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Fig. 16.—Verification of method of calculation of the 
maximum stress in a twisted I-beam 


suggests that it is unsuitable. A better method would 
seem to be the application of a simple plastic theory. 


Simple Plastic Theory 

When a bar is twisted so that the stress at certain 
points exceeds the yield point of the material, a re= 
distribution of stress will occur, the material which yields 
being relieved of load. If strain-hardening of the 
material occurs the problem is practically intractable 
but Christopherson?* has shown that if it is neglected 
the results for the limit of plastic overstrain are not 
erroneous. 


Guero) 


3 4 
Flange fineness (8-t,)/t, 


Fig. 17.Effect of fineness of flanges on maximum oa 
in a twisted I-beam 


Assume then that 


(a) the material of which the beam is made yie 
according to the maximum shear criterion, 
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_(b) no strain-hardening occurs, 


(c) direct and shearing strains are small compared 
with unity, and 


(d) overstraining does not affect the elastic properties 
of the bar. 


In the elastic case the inclination of the Prandtl 
aembrane represents the shear stress and the applied 
ressure is analogous to the torque, for a given surface 
ension. As the torque is increased the stress at a 
ioint in the bar increases until the yield point is reached ; 
or any further increase in the torque the stress at this 
joint remains constant and equal to the yield point. 
considered in the analogy, as the pressure is increased 


(Weg=!40) 
100 (@") 


Flange Dee h, degrees 


‘ig. 18.— Effect of flange taper on maximum shear stress 
in a twisted I-beam 


he slope of the membrane at a point increases to a 
naximum which represents the yield stress of the 
naterial of the bar. From equation 3b the plastic areas 
i the bar have a stress function represented by a 
urface of constant slope. Nadai!? introduced the con- 
ept of the limiting roof to govern the elevation of the 
-2randtl membrane. When the bar is twisted to its 
imit of plasticity, ie., when it can resist no further 
orque, the stress function is represented by the Nadai 
oof. 


To get the shape of the limiting roof, Nadai proposed 
he use of the sand-heap analogy?§ ; dry sand is heaped 
ma plate of the same shape as the cross-section of the 
yar and the weight of sand retained on the plate repre- 
ents the limiting torque. By comparison with the 
veight of sand retained on a circular section, for which 
| solution is analytically possible, the limiting torque 
rr the plastic section modulus can be determined. 


For the rectangle the plastic section modulus is 


: i's 

_ = [sm 9 +4] 
3 q 

: 


vhere 7 is the fineness, //t, and ¢ is the thickness. It is 
bvious that for geometrically similar bars the section 
nodulus varies with the cube of any representative 
imension, or in terms of the area 


T 
— = kA32 
sh 


ere Risa shape factor. 
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For the rectangle the shape factor, k, is 


Hn —1) +4 


nels 


| a 


To try to find a simple expression for the limiting 
torque of structural sections, twenty specimens were 
tested by the sand-heap analogy ; Fig. 19 shows some 
specimen sand-heaps. Although it was well-known that 
B.S. sections are NOT similar, the theory for similar 


Fig. 19.—Specimen sand-heaps 


bodies was assumed to hold and the results accordingly 
plotted on a base of area, Fig. 20. The average value 
of the shape factor was found to be 0.1079 but a better 
fit was obtained with the empirical line : 


T/qg = 0.1415 A? (dimensions in inches) 


Two sections were also calculated graphically and the 
results plotted on the graph—good agreement was 
obtained. Values of the limiting torque, Tp, calculated 
by the empirical expression are tabulated and show 
that to produce complete plastification a torque nearly 
twice that to initiate plastic flow is required. 

In addition to the three methods of determining the 
limiting torque, which have been discussed, two others 
have been tabulated : 


Tm = where the mean elastic stress at the boundary 
of the section is equal to the yield stress, i.e., the 
stress factor R = 2A/P in equation 3a where 


40 
A and P are the area and perimeter of the section, 
and 
T, = an empirical expression suggested by Orr!® for 
which the stress factor, R, is given by 
qg 2A I 2A 
R=— = — + -—(Rmax — —) 
Ce" oP 6 P 


Neither of these methods produce any specific physical 
conditions and therefore the simple plastic theory is 
preferred. It is obvious that Tm might exceed the 
limiting torque 7», indeed it might also be greater than 
the limiting torque determined by experiment. Orr 
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Fig. 20.—Relationship between plastic section modulus and 
area for structural sections 


based his expression on a number of experiments and 
when one considers the agreement between J> and Tp 
it is apparent that Tp is compatible with the practical 
results and yet retains a simple basic theory. For this 
reason it appears the most suitable method for deter- 
mining the limiting torque. 


Conclusions 


The maximum torque a bar can transmit, irrespective 
of the deformations produced, is best determined by 
the simple plastic theory and for structural sections the 
empirical expression for the limiting torque, 


Tp = 0.1415 Aig 


jis recommended. 


If the design must be based on the elastic theory, a 
method is described for computing the maximum stress 
in a structural section. For a material with a tensile 
yield point of 16 tons per sq. in., the limiting torque 


* (New Series) No. 333. See also reference 15. 
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should not produce a shear stress greater than 8 tons 
per sq. in. 


In view of the large deformations which occur, the 
maximum angle of twist should always be checked, 
indeed it will no doubt be the controlling factor in many 
cases. The maximum angle of twist should be abo af 
0.01 radians but, in the same way that the maximum 
deflection and safe stress are specified by the British 
Standards Institution for members subjected to bending 
and axial forces, the maximum angle of twist and safe 
stress should be defined for actions including torsion. 
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of plasticity,’ Trans. A.S.M.E., 53 (1931), 29. 
18Orr, ‘‘ Torsional properties of structural and other sections,’ 
Proc. I.C.E., Selected Engineering Paper No. 128 (1932). 
20Griffith and Taylor, “‘ Use of soap films in solving torsion 
problems,’’ Proc. I.Mech.E. (1917), 755, and Technical Report 
of Advisory Committee for Aeronautics, 3 (1917), 920, R. and M 


“ Torsion of members having sections 
N.A.C.A. Tech. Report 


21Cushman, ‘‘ Shearing stresses in torsion and bending b 
membrane analogy,’’ unpublished paper No. 38 of A.S.MLE. 
(1932). 

22Ehasz, Proc. A.S.C.E., 61 (1935), 1222. 

*8Trefitz, “Uber die Wirkung einer Abrundung auf die 
Torsion spannungen in der inneren Ecke,”’ Z.a.M.M., 2 (1922), 263 

24Westergaard and Mindlin, Proc, A.S.C.E., 61 Gaal 509. 
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} ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution was 
held at 11, Upper Belgrave Street, London, S.W.1, on 
Thursday, December 13th, 1951, at 5.55 p.m., Mr. Walter 
C. Andrews, O.B.E., M.I.C.E., M.I.Struct.E. (President), 
in the Chair. 

- The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections, as tabulated below, should be referred to when 
consulting the Year Book for evidence of membership / 


STUDENTS 
Boyan, Frederick Walter, of Birmingham. 
Dupzinsk1, Tadeusz, of London. 
Loncricc, Thomas Derek, of Nairobi, Kenya. 
Penpat, Bryan James, of Ipswich, Suffolk. 
Pucu, Trevor George, of Auckland, New Zealand. 


GRADUATES 


BuTreERworTH, Frederick Arthur, of Brierley Hill, 
Staffs. 

CHAPMAN, Kenneth Geoffrey, B.Sc.(Civil), Leeds, of 
Harrogate, Yorks. 

DucpateE, Aubrey Keith, B.Sc.(Eng.), Manchester, of 
Normanton, Yorks. 

GEE, Jeffrey Ernest Malcolm, of Erdington, Birmingham, 
24. 

Macpermt1p, Eric Campbell, A.M.1.C.E. of Glasgow, W.2. 

Morais, David Austin, B.Sc.(Eng.), London, of Rusting- 
ton, Sussex. 

NEELAKANTAN, Seshadrinathan, B.E.(Civil) Madras, of 
Bombay, 19, India. 

Pace, Frank Arthur, B.Sc.(Eng.) London, of Colchester, 
Essex. ; 

PartTRIDGE, Malcolm Harold, of Walsall, Staffs. 

Perry, Gordon John, of Llanbradach, nr. Cardiff, Glam. 

Rimmer, Harold Edwin, of Liverpool. 

Sincu, Sandhu Pritam, B.Sc.(Eng.) Glasgow, of Glas- 
gow, W. 

STEPHEN, Lawrence Ian, of London, 

Sunnak, Sardari Lal, B.Sc.(Eng.) London, of Liverpool. 

Taytor, Robert Stanley, of Bexleyheath, Kent. 

Top, William Antony, B.E.(Sydney), of London. 

Yiu, Raymond, of Glasgow. 


ASSOCIATE-MEMBERS 


MacFar.ane, George Keith Murray, of Perth, Scotland. . 


Wisy, Charles Bryan, Ph.D. Leeds, B.Sc.(Civil) Leeds, 
of Hull, Yorkshire. 
* MEMBER 

Cartan, Louis, B.Sc.(Rand), A.M.LCE., of Paarden 
4 Eiland, South Africa. 


y TRANSFERS 

3 Students to Graduates 

BLACKBURN, Keith Chalkley, of Woodford Green, Essex. 
Brewer, John Joseph, of Stafford. 

— Gerald William, of Gnosall, Stafford. 


Graduates to Associate-Members 
Bowen, Hugh Derrick, of Beckenham, Kent. 

LARK, James Alexander, of Skendleby, nr. Spilsby, 
mm. Lincs. 
2L-KATIB, Mohamed Tarik, B.Sc.(Eng.) Cairo, of 
London. 
GREEN, Harry Whaley, B.Sc.(Eng.) London, of Middles- 
_ brough. ; 
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HOLLAND, Ronald Wilber, M.A.(Cantab.), of Stockport, 
Cheshire. 
LESTER, Eric Gerald, of London. 
Peete Donald, B.Sc.(Civil) Manchester, of Sidcup, 
ent. 
Ross, Donald Ellis John, of Barrow-on-Trent, nr. Derby. 
SHAw, Donald Fraser, of Leeds. 3 


Associate-Members to Members 
BRINKWORTH, Horace Walter, A.M.I.C.E., of Lough- 
borough, Leicestershire. 
CAPPER, Percival Leonard, T.D., M.Sc.(Eng.) London, 
A.M.I.C.E., of Harrow, Middlesex. 

i ean Richard Frederick, A.M.I.C.E, of Longfield, 

ent. 

GREEN, Frank Montague, of Shirley, Warwickshire. 

Kine, Jeffrey William Hitchen, M.Sc. Manchester, 
A.M.1.C.E., of London. 

MacLEAy, Douglas Gordon, of Bulawayo, Southern 
Rhodesia. : 

WiiiaMs, John Alan, A.M.I.C.E, of Bexley, Kent. 


Members to Retired Members 

Cox, Henry Robert, of East Molesey, Surrey. 
Lowe, Albert, of Sale, Cheshire. ’ 
MACKMIN, Henry Augustus, F.R.I.C.S., of Coulsdon, 

Surrey. 
Mosps, Stuart Kilsby, M.I.C.E., of Sutton, Surrey. 
PENDLETON, Vivian, Lt.-Cdr., of Southport, Lancs. 
PICKERING, Wilfred John, of Epsom, Surrey. 
SELWAY, Edward Douglas, F.R.I.B.A., of Bristol. 


RE-ADMISSIONS 
Assoctate-M embers 


PuiLiies, Thomas William, of Singapore. 
VERMA, Ramjee Prasad, of Patna, India. 


OBITUARY 
The Council regret to announce the deaths of Adam 
Knowles STEWART, Henry Dale WILLIAMSON (Members) ; 
Leon John Varney SERRA (Associate-Member). 


RESIGNATIONS 

Notification was given that the Council had accepted 
with regret the resignations of Harry Charles Davis, 
Arthur Edward Prerkins, Ernest Albert Scotr (Mem- 
bers) ; George Britton (Retired Member) ; Edmund 
Taylor ForsTER, George Valentine William SHEPHERD, 
John T. R. WitpMan (Associates) ; Norman Pumfret 
BRAND, Ernest James Hickman, John Eaglesfield 
Cowan Hirt, Harold William Roy MAuNnDER, Trevor 
Watts Puitiies, Hanamant Harayan Rispup (Associate- 
Members) ; Norman Spencer CLEAVER, Ernest DavIEs, 
Peter John FrReETTER, John Reginald GRIMWADE, 
Ronald Clyde Herron, John Ernest Levick, Jack 
ROBERTSHAW, Frederic Charles SPELDEWINDE, Benjamin 
Wricut (Graduates) ; Andrew Joseph BEbB, William 
Neil BLACKBURN, Kenneth Arthur William BULTITUDE, 
John Hugh Buss, Maurice William Cortins, Emyr 
Epwarps, Jolyon FyFiELp, Geoffrey Thomas HiGGIin- 
son, Raimond Holmes KERLEY, David Granville 
SHarP, Charles Keith STEPHENS (Students). 


EXAMINATIONS—JULY, 1952 
The examinations of the Institution will next be held 
at centres in the United Kingdom and Overseas on 
July 15th and 16th (Graduateship), and July 17th and 
18th (Associate-Membership). 
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FORTHCOMING MEETINGS 
The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1 :— 


Thursday, February 14th, 1952 
Ordinary Meeting at 6.0 p.m., when Mr. D. I. Lawson, 
M.Sc., M.I.E.E., Mr. C. T. Webster, F.R.I.C., and 
Mr. L. A. Ashton, B.Sc., will give a paper on “‘ The Fire 
Endurance of Timber Beams and Floors.” 


Thursday, February 28th, 1952 

Ordinary General Meeting at 5.55 p.m. This meeting, 
which is for the election of members and is open only to 
corporate members of the Institution, will be followed 
by an Ordinary Meeting at 6.0 p.m., when Mr. W. B. 
Dobie; :M.Sc.,- Ph.Dij “FRAG AMIE. E: ACMielL: 
Mech.E., will give a paper on ‘“ The Torsional Strength 
of Structural Members.” 


Thursday, March aoe 1952 
Ordinary Meeting at 6.0 p.m., when Mr. P. G. Bowie, 
A.M.I.C.E. (Member), will give a paper on “ Faults in 
Concrete Structures.” 


Wednesday, March-1oth, 1952 
Joint Meeting with the Reinforced Concrete Associa- 
tion at 6.0 p.m., when Mr. F. S. Snow, M.I.C.E., 
M.I.Mech.E. (Past-President), will give a paper on 
‘“ Recent Industrial Developments at Port Sunlight and 
Bromborough.”’ 


Thursday, March 27th, 1952 
Ordinary General Meeting for the election of members, 
5-55 p-m., followed by an Ordinary Meeting at 6.0 p.m., 
when Mr. F. R. Bullen, B.Sc., M.I-C.E. (Member of 
Council), will give a paper entitled “‘ Unusual Design 
for a large Constructional Shop.”’ 
Thursday, April 24th, 1952 
Ordinary General Meeting for the election of members 
5.55 p-m., followed by an Ordinary Meeting at 6.0 p.m., 
when Mr. S. Mackey, M.E., Ph.D., A.M.I.C.E.I. (Asso- 
ciate-Member), and Dr. D. M. Brotton, B.Sc., (Graduate,) 
will give a paper entitled “‘ An Investigation of the 
Behaviour of a Riveted Plate Girder under Load.” 
Members wishing to bring guests to the Ordinary 
Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


JOURNAL CASES AND BINDING, 1951 


A binding case can be supplied for the twelve issues 
of the Journal, January-December, 1951 (Volume 29), 
price 11s., post free. 

The price for binding volumes is 26s. per volume, 
inclusive. 
which has been in use for some years. 

It is requested that all parcels and Journals forwarded 
for binding should bear the name, address and rank of 
the member concerned. All volumes for binding must 
be despatched to the Institution by March 31st, 1952. 

An Index will be included in all volumes bound. 
This Index will not be generally distributed, but mem- 
bers and others wishing to have a copy should apply to 
the Secretary. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The following meetings have been arranged :— 
Thursday, February 14th, 1952 
Joint Meeting with the Institution of Civil Engineers, 
North-Western Association, at the Engineers’ Club, 
17, Albert Square, Manchester, at 6.30 p.m. Mr. Gilbert 


Roberts, B.Sc., M.I.C.E., on “‘ The Dome of Discovery— 
Festival of Britain Site.” 


This price is for the half-leather binding ° 


Te 


The Structural Engineei 


Monday, February 25th, 1952 
Mr. Arthur Bolton, M.Sc. (Graduate), on “A New 
Approach to the Elastic Analysis of Two Dimensional 
Rigid Frames,’ at the College of Technology, Man- 
chester, 6.30 p.m. 
Wednesday, March t2th, 1952 
Joint Meeting with the Liverpool Engineering Society, 
at The Temple, 24, Dale Street, Liverpool, at 6.0 p.m 
Mr. J. Cunningham, B.Sc., A.M.I.C.E., on “ The Britan 
nia Tubular Bridge over the Menai Straits.” 
Wednesday, March toth, 1952 
Dr. G. G. Meyerhof, M.Sc., A:M.I.C.E., F-G:S. (Asa 
ciate-Member), on ‘‘Some Aspects of Soil Mechanics 
with Reference to Foundations,” at the College of 
Technology, Manchester, 6.30 p.m. 


Tuesday, April 29th, 1952 
Professor J. A. L. Matheson, M.B.E., M.Sc., Ph.D, 


M.I.C.E. (Member), on “ Plasticity and Structural 
Design,” at the College of Technology, Manchester, at 
6.30 p.m. 


Hon. Secretary : A. S. Sinclair, A.M.I.Struct.E., 287 
Kenwood Road, Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 
The following meetings have been arranged :— 
Friday, February 22nd, 1952 
ae L. E. Hunter, M.Sc.(Eng.), A.M.1.C.E. (Member), 
“Moving Form ‘Construction, ” at The James Watt 
Monee Institute, Great Charles Street, Birmingham, 
at 6.0 p.m. 
Monday, February 25th, 1952 
DrAGrG: Meyerhof, Misc.,-A;M.1.¢. BE BiGess (Assal 
ciate-Member), on “‘ Some Aspects of Soil Mechani S 
with reference to Foundations,’’. Merchant Hall, Albion 
Street, Derby, at 7.0 p.m. 


Friday, March 28th, 1952 . 

Mr. P. B. Morrice, B.Sc.(Eng.), on “‘ The Research 

Station of the Cement and Concrete Association,” a 
Stafford. 

Tuesday, April 29th, 1952 

Annual General Meeting. ‘ 

Hon. Secretary: FE. R. Deeley, A.M.1.Structg 

Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION * 
Wednesday, April 30th, 1952 

Mr. S. M. Cooper (Associate-Member) on “ Invest- 
igation of the Failure of the Tacoma Narrows Bridge.” 
The following films will be shown :—“‘ The Failure of the 
Tacoma Narrows Bridge’’ (Long Version) ; “‘ River to 
Cross ’”’ (Wind tests on the Severn Bridge Model.) The 
meeting will be held in the James Watt Memorial 
Institute, Great Charles Street, Birmingham, at 7.0 p.m. 


NORTHERN COUNTIES’ BRANCH 
The following meetings have been arranged :— 
Tuesday, February 5th, 1952 
Mr. L. Scott White, O.B.E., M.I.C.E. (Past-President), 
on ‘‘ The Moving of King Henry VIII’s Wine Cellar, 
Whitehall Gardens,’ at the Cleveland Scientific and _ 
Technical Institution, Middlesbrough. : 


Wednesday, February 6th, 1952 : 
The above meeting will be repeated at the Neville 
Hall, Newcastle. 
Tuesday, March 4th, 1952 


Mr. G. S. Gowland (Associate-Member), on : Im- 
pressions of U.S.A. Welding Methods,” at Middlesbrough, 


february, 1952 


Wednesday, March 5th, 1952 
The above meeting will be repeated at Newcastle. 


Wednesday, April 2nd, 1952 

Annual General Meeting at Newcastle, followed by a 
yaper entitled, ““ Data in the Drawing Office,”’ by Mr. J. 
Ross. 

All meetings will commence at 6.30 p.m., preceded by 
tea at 6.0 p.m. 

Hon. Secretary : lan MacGregor, M.I.Struct.E., 9, 
Ellison Place, Newcastle upon Tyne, I. 


. NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 


| Tuesday, February 5th, 1952 

Mr. R. Montgomery (Associate-Member), on ‘‘ Some 
Economies in the Fabrication of Steel Sections,’ at the 
College of Technology, Belfast, 7.30 p.m. 


Tuesday, March 4th, 1952 
Moemisakt Nelson, B.Sc. A:R.T.C.,.on “Plastic 
Design Applied to Structural Engineering,” at the 
College of Technology, Belfast, 7.30 p.m. 


Tuesday, April 22nd, 1952 
_ Annual General Meeting. 
The above meetings will be held at the College of 
Technology, Belfast, at 7.30 p.m. 
Hon. Secretary : S. G. Duckworth, M.I-Struct.E., 
“ Lisleen,’’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
_ The following meetings have been arranged :— 


Wednesday, February 13th, 1952 
_ Mr. J. Dixon and Mr. J. M. Campbell, B.Sc. on “ Site 
Exploration and Rock Drilling Methods.”’ 


; Tuesday, March 11th, 1952 
Mr. W. A. Fairhurst (Member), on ‘“‘ The Design of 
Engineering Structures, including Concrete Bridges.” 


" Thursday, April 17th, 1952 

Annual General Meeting. 
The above meetings will be held at the Ca’doro 
Restaurant, Union Street, Glasgow, at 6.0 p.m. 

Hon. Secretary : D. G. Drummond, B.Sc., A.M.1.C.E., 
M.I.Struct.E., 11, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES’ BRANCH 


Hon. Secretary : E. W. Howells, M.1.Struct.E., c/o- 


Messrs. T. L. Harding & Sons, Ltd., 
Street, Torquay. 


to/12, Market 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings: have been arranged :— 


Wednesday, February ae 1952 

Mr. Wallace A. Evans (Member), on “‘ The Completed 
& bertillery Bridge,”’ at the Mackworth Hotel, Swansea, 
6.30 p-m. 
; Friday, February 15th, 1952 

A meeting will be held at Colwyn Bay, details of which 


a be announced later. 
Ry oF 


P00 Tuesday, February 19th, 1952 

3 Wallace A. Evans (Member), on ‘‘ The Completed 
‘bertillery Bridge,’ at the South Wales Institute of 
Engineers, Cardiff, 6.30 p.m. 
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Wednesday, March 5th, 1952 
A meeting will be held at Swansea, when the films 
referred to above will be repeated. 


Friday, March a2tst, 1952 


A meeting will be held at Colwyn Bay, details of which 
will be announced later. 


Tuesday, April ist, 1952 
Students’ Evening. 


Friday, April 25th, 1952 
Annual Dinner at Osborne Hotel, Swansea. 
Hon. Secretary: E. R. Steward, A.M.1.Struct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES’ BRANCH 
The following meetings have been arranged :— 


Friday, February ist, 1952 
Combined meeting with the Institution of Civil 
Engineers, Dr. A; sR... Gollins;- MB.B.; “A. M.1.C.B. 
(Associate-Member), on ‘‘Some Effects of Recent 
Developments on the Design and Construction of 
Concrete Structures.”’ 


Wednesday, February 20th, 1952 
Annual Dinner at the Royal Hotel, Bristol. 


Friday, March 7th, 1952 
Mr. J. A. Newton (Student), on “ The Civil and 
Structural Engineers’ Contribution towards the Recon- 
struction of Stapleton Road Gas Works, Bristol.”’ 
Friday, April 4th, 1952 
Annual General Meeting, followed by Film Show. 
Hon, secretary. > G—E.. -Saunders,. M.E-Struct.£., 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Somerset. 
YORKSHIRE BRANCH 
A .meeting of the Branch was held at the Great 
Northern Hotel, Leeds, on November 2ist, 1951, and 
was attended by 48 members and visitors. Mr. T. E. S. 
White, B.Sc., M.I.C.E., gave a paper on “‘ The Baitings 
Reservoir for Wakefield Corporation,” which was 
illustrated by a film taken by the author. The paper was 
followed by an interesting discussion, at the conclusion 
of which a vote of thanks to the speaker was proposed 
by Mr. W. Hunter Rose, and seconded by Mr. S. Mackey. 


The following meetings have been arranged :— 
Friday, February 8th, 1952 


Annual Dinner and Dance, Parkway Hotel, Otley 
Road, Leeds, 7.0 p.m. 


Wednesday, February 20th, 1952 
Combined meeting with the Yorkshire Association of 
the Institution of Civil Engineers. James N. 
Garden, A.M.I.C.E., on ‘‘ Prestressed Concrete Bridge, 
Skelton Grange Power Station, Leeds,” 6.30 p.m. 


Wednesday, March 5th, 1952 

Mr. S. Champion, M.Sc., Ph.D., A.M.I.C.E. (Associate- _ 

Member), on ‘‘ Deep Mining Shafts,” at the Technical 
College, St. George Gate, Doncaster, 7 p.m. 


Wednesday, March igth, 1952 
Mr. Hugh B. Sutherland, S.M.(Harvard), A.M.I.C.E. 
(Associate-Member), on ‘‘ Problems in Foundation 
Engineering,’’ at the Great Northern Hotel, Leeds, 
6.30 p.m. 
Wednesday, April 23rd, 1952 
Annual General Meeting, to be followed by a lecture 
to be arranged. 
Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 
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UNION OF SOUTH AFRICA BRANCH 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.LC.E., 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days, Mr. Tait can be contacted in the City 
Engineer’s Department, City Hall, Johannesburg. Phone 
34-1111, Ext. 257. 

Natal Section Hon. Secretary: E. G. Bennett, 
A.M.L.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O. 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary 
P.O. Box 1692, Cape Town. 


: R. Stubbs, M.I.Struct.E., 


ADDITIONS TO THE LIBRARY 


Aluminium Development Association. Sympostum on 
Aluminium in Road Transport. London, 1951. 

American Institute of Steel Construction. Manual of 
Steel Construction. New York, 1950. Presented by 
Mr. G. W. Harris. 

Association of Consulting Engineers. Festival of Britain, 
1951 : Some Examples of Britain's Contribution to 
Engineering. London, 1951. Presented by Mr. F. S. 
Snow. 

British Standards Institution Year Book (London, 1951). 

CHATE, R. V. (Editor). The Reinforced Concrete Review, 
Vol. I, 1945-49. London, 1951. Presented by Mr. 
R. V. Chate. 

CLARK, J. G. (Editor). Welded Deck Highway Bridges. 
Cleveland, Ohio. 1950. Presented by Mr. H. A. Cadwell. 

Du-PLat-TayLor, F. M. The Design, Construction and 
Maintenance of Docks, Wharves and Piers. 3rd Edition. 
London, 1949. Presented by Mr. F. W. Davenport. 

GRASSIE, J. C. ‘Elementary Theory of Structures. London, 
1950. Presented by Dr. A. A. Fordham. 

Harris, C. O. Elementary Structural Design. Chicago 
and London, 1951. Presented by Mr. D. W. Cooper. 

JENNINGS, J. Mathematical Solution of Engineering 
Problems. London, 1951. Presented by Professor 
W. T. Marshall. 

LAING, John & Son. 
Laing & Son. 
Publishers. 

Mazzoni, A. The Steam Vents of Tuscany and_ the 
Larderello Plant. Bologna, 1948. Presented by the 
Author. 

_ National House-Builders Registration Council. 
cation for Houses and Flats. London, 1949. 

PEATFIELD, A. E. Engineering Components and Materials 
(Teach Yourself Mechanical Engineering, Vol. II). 
London, 1951. Presented by Mr. W. Morgan. 

SALIGER, R. Fortschritte im Stahlbeton durch hochw ertige 
Werkstoffe und neue Forschungen. Vienna, 1950. 
Presented by Mr. P. M. Tezner. 

ScHENK, W. Der Rammpfahl (Berlin: Wm. Ernst, 
1951). Presented by Dr. G. G. Meyerhof. 

TayLor, F. Johnstone. Modern Bridge Construction. 
(London, 1951.) Presented by Mr. R. P. Mears. 

VAWTER, J. and CLARK, J. G. Elementary Theory and 
Design of Flexual M embers. New York and London, 
1950. Presented by Mr. T. J. Reynolds. 

Wynn, A. E. Design and Construction of Formwork for 
Concrete Structures. 4th Edition. London, 1951. 
Presented by Mr. D. J. Bennett. ; 


Team Work : 
London, 1951. 


The Story of John 
Presented by the 


Specift- 


REPRESENTATION 
The Council have made the following nominations o 
members to represent the Institution :— 
ROYAL SANITARY INSTITUTE CONGRESS, MARGATE, 1952 


Mr. J.” E.. Swindlehurst; “O.B.E;, MEAS, ACECE, 
(Past President). 


rt he 
The Structural Engineer 


BRITISH STANDARDS INSTITUTION COMMITTEE USM/2 
Units, ABBREVIATIONS AND SYMBOLS 


Colonel J. C. P. Tosh, M.C. (Technical Officer of the 
Institution). 


AD HOC COMMITTEE FOR STRUCTURAL SAFETY 


The following Ad Hoc Committee of the Science and 
Research Committee has been constituted :— 


Ap Hoc COMMITTEE FOR STRUCTURAL SAFETY 
The President (ex officto) 
Professor A. L. L. Baker 
Mr. J. Guthrie Brown 
Lt.-Col. G. W. Kirkland 
Professor A. G. Pugsley 
Dr. F. G. Thomas 
Mr. W. E. Thorowgood 
Mr. Leslie Turner 
Mr. H. A. Cadwell 
Mr. H: V. Hill. 


TECHNICAL REPORTS OF THE INSTITUTION 
10 (II) 1946 FORMULAE FOR COMPUTATION OF STRESSES 


This Report is being reprinted and will shortly be 
on sale, price 3s. 6d. per copy. (Copies of the graphs in 
the Report will be available in separate sheets for office 
use ; price 5s. per complete set of graphs.) 


25 (I) 1942 REPORT ON FOUNDATIONS—ParT I. FOUNDA 
TIONS IN DISTURBED GROUND 


The above Report, stocks of which are now exhausted) 
is withdraw n from sale. 


DRURY MEDAL COMPETITION, 1951 


The Council have awarded the Drury Medal for 1951 
to Mr. Ronald Frank Davipson (Graduate), of Man- 
chester. The problem set for this, the third Competition, 
was the design of a reinforced concrete garage with 
provision for erection above it of future superstructure 
the garage being subjected to unbalanced earth pressure 


BUILDING RESEARCH CONGRESS, 1951 
CopPIES OF PAPERS PRESENTED 


Books containing the papers presented in the three 
Divisions of the Congress are obtainable, price 22s. 6d. 
each or 50s. for the set of three, from the Organising 
Secretary, Building Research Congress, 1951, Building 
Research Station, Garston, Watford, Herts., and earl 
application is desirable. 


Members of the Institution of Structural Engineers S 
may obtain single books at 17s. 6d. each on application 
to the Institution, enclosing remittance ; cheques 
should be made payable to “ Building Research Con 
gress, 1951.” 

The Division 7 book contains papers on_ building 
techniques, structural matters, and soil mechanics. 

The Division 2 book contains papers on building 
materials. 

The Division 3 book deals with acoustics, heating 
and ventilating, lighting, and with problems of hospitals, 
factories and schools. 

The three books together present an up-to-date 
picture of the present position of building research. 

The record of discussion which took place at the 
technical sessions of the Congress may be ordered now 
in advance of publication from the Organising Secretary 
at the Building Research Station, price 25s. (20s. te 
Congress members). 
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Faults in Concrete Structures” 
By P. G. Bowie, A.M.I.C.E. (Member) 


Summary 


An examination of a number of reinforced concrete 
yuctures erected during the past 50 years indicates that, 
ule normal practice in design provides an adequate 
serve of ‘strength and sufficient durability within a 
ulding, there 1s reason to think that some modifications 
' these standards are desirable where the structure as a 
hole, or in part, is exposed to the weather. 


The qualities essential to an engineering structure are 
rength and durability. As to strength, perhaps the 
ast evidence is the continued use of buildings erected 
_the 1900-1910 period. Internally few defects are 


’ Fig. 1—Bomb damage 


parent, the columns are, by modern standards, rather 
ose together, the shuttering obviously not quite all 
at could be desired, while the slabs are often thin and 
ightly dished. Whether the latter defect is due to 
eep, displacement of steel at the supports or bond slip 
uced by vibration, is difficult to say. 
f more recent structures, the fact that it has been 
sible to repair and re-use buildings which were gravely 
naged by bombing is evidence of both sound design 
adequate strength. 
During the whole time there has been little change 
basic design. The recommendations of 1907 and 
48 are very similar. Rules for the design of flat 
s and for bending in columns have been added, the 
a being offset to some extent by taking into account 
ie whole area of the column instead of the core alone, 
increased stresses on the concrete being fairly 
mparable with the wider understanding of its proper- 
and manufacture. 
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It is probably easier to calculate the moments induced 
in a theoretically monolithic framework than to arrange 
the reinforcement in such a way that excessive bond 
stresses do not occur at the junction, particularly in the 
case of external columns. High bond stresses may lead 
to a reduction in the bending moment on the column, 
but as in continuous beams, if a re-distribution of 
moments is assumed, it is advisable to consider whether 
“ the marked increase in crack widths is not important.”’ 

Inside buildings, the most obvious faults occur in 
applied floor finishes, that is, in toppings which for one 
reason or another are laid after a suspended floor has 
hardened. The bond between the two has to resist not 
only the tendency of the topping to lift at the edges as 
it dries, but also the horizontal shear at the supports 
where, in addition, the finish itself is subject to quite 
high tensile stresses owing to the greater distance of 
the top surface from the neutral axis. One difficulty 
is to decide how far such a finish can be counted upon 
as being part of the slab. If it is thought justifiable to 
include half the thickness of the topping in the calcula- 
tions, it must then be considered whether the bent-up 
bars lying in the plane between the two classes of 
concrete are happily situated. In terrazzo work, 
especially at stair landings where there are additional 
stresses due to the expansion or contraction of the 
building as a whole, cracks of this kind are very liable to 


Fig. 2.—Limonite stains 


occur unless dividing strips have been placed near the 
supports. 

No material of an alkaline character can be expected 
to resist attack by acids, whether due to spillage from 
industrial processes or as a result of acidic gases being 
absorbed by the moisture on a concrete surface, such 
as the ceiling over a boiler, and probably some positive 
protection is desirable. 

On the whole, however, there is ample evidence that 
reinforced concrete as designed in the past has a very 


52 


satisfactory reserve of strength, and that under normal 
conditions inside a building it is virtually permanent. 
Externally, a concrete structure is subject to far more 
extreme conditions, the range of temperature is greater, 
and moisture is generally present, with a greater conse- 
quent liability to corrosion of reinforcement. 
Permanence is perhaps too absolute a term to apply 
to any structure. Durability which, to paraphrase 


Fig. 3.—Frost cracks 


CP 3, may be said to be the quality of maintaining 
satisfactory appearance and performance without incur- 
ring excessive maintenance or repair, is more reasonable. 

From this point of view it may be desirable to consider 
whether, as with some other materials, present practice 
should be modified according to exposure. 

The durability of reinforced concrete is affected by 
factors of a chemical nature due to its composition or 
surroundings, physical considerations such as frost or 
heat, and factors connected primarily with the detail 
design of the structure. 

There is no evidence in this country of any aggregate 
reaction when supplies are drawn from natural sources, 
except in the case of a very rare type of sandstone. A 
few dolerites contain veins of chlorophzite, which, by 
expansion when oxidised, may result in the formation 
of longitudinal cracks. The objectionable brown surface 
stains sometimes seen on a concrete surface may of 
course be due to small pieces of fixing wire or nails left 
in the shuttering, but are often due to small pieces of 
soft limonite being present in the gravel aggregate. 

The care now given to proportioning in the manu- 
facture of cement rules out any chance of “ blowing ”’ 
due to lime being present in an unsuitable form, for 
which the Chatelier and pat tests were introduced. 

Impurities in the mixing water were found by Pro- 
fessor Duff Abrams to have little effect on the strength 
of concrete, except in the case of sugar and such related 
compounds as alcohol and fruit juices. 

Weakening of a hardened concrete may be the result 
of direct attack by acids which are comparatively easy 
to identify. The presence of a white slimy substance 
in the concrete surface is generally an indication of what 
one might call an exchange reaction between the cement 
and any sulphate solution in contact with it. Deteriora- 
tion may be limited to some slight surface effect, but if, 
owing to evaporation from some other part of the surface, 
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the solution is drawn continuously into the body of th 

concrete by a kind of wick action, the exchange Cae 
and the cement becomes weak and porous. Examples 
include sewer pipes laid in trenches passing throug 
sulphate-bearing clays, and retaining walls with industria 
waste filling behind them. 

In seawork something of a similar kind may happe 
between wind and water, accelerated perhaps by the 
crystallisation of salts within the surface, but a aan 
quality dense concrete, not subject to abrasion 
appreciable tensile stress, does not appear to be greatl 
affected. Nevertheless, in cases of this kind it may 4 
advisable to take advantage of the greater resistance 
offered by certain cements in which the more sensitive 
component tri-calcitum aluminate is minimised. ‘ 

Prominence of aggregate particles on a concrete 
surface is largely due to the solution in rain-water of 
the 10 to 15 per cent. of free lime which a set cement 
contains, a process which is rather uncomfortably named 
“ lixiviation.”’ 

The stalactites sometimes seen below bridge floors, 
especially at cracks or construction joints, and the 
encrustation at the base of flat-topped masonry walls 
laid in poor mortar, are further examples of this process. 
The obvious remedies in such cases are to waterprool 
the bridge floor and slope the top of a wall or other 
projection up to as much as 45° so that the water may 
not soak into the concrete. 

This leaching process is most harmful if the flow of 
water is continuous ; even good concrete is seldom 
absolutely damp or gas tight, mainly due to the use of 
nearly twice as much mixing water as is needed for th 
hydration of the cement, so that when concrete is plac 
by hand in the shuttering, moisture rises in the mass 
and the upper part may be more porous than the 
concrete lower down. | 


Fig. 4.—Fine grading 


Any but the densest concrete may become saturate 
with water, and then if frozen the expansion of the wate 
leads to the formation of cracks usually parallel wit 
the colder surface, and to ultimate disintegration of th 
concrete, The actual mechanics of this bursting proces 
is still in dispute. 

One contention is that moisture rising in the concret 
when it is cast tends to collect beneath the particles ¢ 
aggregate. When the concrete subsequently freezé 
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this moisture expanding creates tension across planes 
parallel to the surface. 

Another suggestion is that as the outer surface 
becomes sealed by frost the water saturating the concrete 
is forced inwards, creating a hydraulic bursting pressure. 

A third, that the bursting is due to the formation of 
ice lenses in a manner similar to those leading to the 
“frost heaving ”’ of ground. 

For the engineer, the obvious course is to avoid the 
use of any detail which might lead to saturation of the 
concrete. Fine gradings which require a high propor- 
tion of water to ensure workability, and consequently 
absorb water readily, should be avoided. Projections 
on which water might collect, copings or cills, should 
have a considerable slope and not be made up with 
mortar subsequently. 

At the other extreme, heat ultimately destroys all 
Structural materials ; their relative merits depend on 
the amount of heat they will accept without serious loss 
of strength, that is on the period and intensity of the 
temperature. A fault, if such it can be called, can only 
be due to the selection of an unsuitable aggregate. 
There is a considerable difference in the expansion due 
to heat of cement and natural stone, and for fire-resisting 
purposes the more nearly these are akin in structure and 
composition, the better. One reason being that with 
reinforced concrete the longer the covering remains in 
position despite its own loss of strength, the longer it 
will be before the more vulnerable reinforcement reaches 
the 500° or 600°C. at which its strength is entirely lost. 

The most obvious faults in external work generally 
take the form of spalling or splitting of the concrete 
due to the corrosion of the reinforcement, moisture 
having reached the steel either through porosity of the 
concrete, through faulty construction joints or by way 
of cracks primarily due to either stress or shrinkage. 


Fig. 5.—Bridge parapet 


The protection given to reinforcement by concrete 
$ mainly due to its alkaline character. Porosity, whether 
jue to bad mixing, segregation, incomplete consolida- 
tion, too little cement or other causes, allows leaching 
fo occur and the protection afforded to be gradually 
removed. 

And here it may be suggested that reinforcement is 
too often inserted where it is not really necessary. The 
? 
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excuse may be to provide some kind of anchorage to 
any new concrete which might be required, if when 
striking the formwork or through some other accident 
a projection was damaged. There may be places where 
a provision of this kind is desirable, but considering the 
reliance placed on the diagonal tension strength of 
concrete in slabs and some beams, it would seem that 


Fig. 6.—Concrete washers 


for minor projections, such as cills, reinforcement is not 
needed and does more harm than good. 

Construction joints are not easily made water-tight. 
To consolidate the concrete properly it is usually 
necessary to use a stop board through which reinforce- 
ment will have to pass. Theoretically, this board 
should be in a plane normal to the principal compression 
stress, pe fitted so as to prevent honeycombing due to 
leakage of cement, and be firmly held to withstand 
proper consolidation. On removal of the board, the 
surface may be too smooth to give a good key and, since 
cement bonds better to a clean aggregate than to old 
cement, the surface should be hacked, cleaned, and 
given a coat of neat grout before the new concrete is 
punned against it, the process being simplified if a 
vibrator is available. Even then the joint is not likely 
to be the strongest part of the concrete, and any big 
moisture or temperature changes may cause fracture, for 
which reason subsidiary additional reinforcement is 
sometimes inserted. 

Cracks due to shrinkage or bending usually occur in 
planes normal to the main bars and in line with a stirrup 
or binding, the complicated bond stresses on the stirrups 
no doubt being largely responsible. Small movements 
of the bars, especially of stirrups, after the concrete has 
stiffened, can lead to the formation of cavities along the 
line of the reinforcement, and indicate the desirability 
of framing it up rigidly by spot welding or other means, 
and keeping it in position by concrete washers of some 
kind. 

Moisture entering a crack at a stirrup can flow down 
until it reaches the main bar and then, since the bond 
on the main bars adjacent to the crack must of necessity 
have failed, there is the likelihood of the water finding 
its way along the bar. How far this is rendered more 
probable by the suggestion in some specifications that 
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where reinforcement is congested, a wetter concrete 
may be used, is open to question. 

A point at which faults are frequently obvious is in 
external columns at floor level; there are usually 
construction joints both above and below the beams, 
reinforcement is congested, the column bars are both 


aus 


Fig. 7.—Progressive corrosion 


cranked and spliced, and bond stresses are high. All 
these factors combine to lessen the rigidity of the 
junction and increase the likelihood of crack formation. 

Cracks may be due to moisture and temperature 
movements. If a foundation is virtually fixed and the 
floors expand or contract, considerable stresses are set 


Fig. 8.—External columns 


up in any projecting balconies and in the end columns of 
long buildings, with results very similar to those referred 
to in the last paragraph ; the stiffer these supports are 
made, the greater will be the stresses induced in the 
floor. In a concrete wall the tendency will be to rock 
the piers between the windows longitudinally, which 
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may be a contributory cause of the diagonal cracks 
which sometimes occur at the head and cill of window 
openings. 

Whatever the cause of cracks may be, there is little 
doubt that for external concrete structures more cover 
than is specified in early rulings is desirable, if the 
reinforcement which is the source of strength is not to 
be the cause of failure through corrosion. Increased 
cover is advantageous in several ways ; there is more 
possibility of consolidating the concrete round the bars 
and therefore less chance of porosity or honeycombing ; 
there is greater resistance to moisture penetration and 
less chance that careless vibration or punning will bring 
the bars too near the surface. i 

This need for greater cover externally is recognised — 
in the new Code by the virtual recommendation of a 
minimum cover to all reinforcement of 1 inch. In the © 
United States the suggestion is 14 in., with mention — 
of the desirability that all reinforcement shall be ade- 
quately secured in position by concrete or metal chairs — 
or spacers. 
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Fig. 9.—Insufficient cover } 


For water retaining structures the Institution of | 
Civil Engineers Code recommends a minimum cover of 
I in. when using I : 1.6 : 3.2 concrete, and 1} in. for 
t : 2:4 concrete, accompanied by advice as to a reduc- | 
tion of stress in both steel and concrete. It is true that — 
for this particular class of structure there is virtual — 
certainty that the full design load will be applied 
continuously, but this is equally true of large span — 
bridges where the proportion of dead load is high. ! 

To summarise : there is no evidence to show that 
within a building reinforced concrete as designed in 
the past is not virtually permanent. Externally, where 
subject to the weather and a wider range of temperature, 
there are indications that special consideration is needed. — 
In traditional building the nature of internal walls and 
finishings is very different to those outside, and it may — 
be that there should be some revision of present practice 
as to the cover given to reinforcement and the stresses — 
employed. 

How far such provision is necessary must be left to — 
the judgment of the engineer, who must rely largely — 
on personal observation of faults in existing structures — 
and identification of their probable cause. 
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Introduction 


_ The work which forms the subject of this short paper 
is the first stage in the construction of a new factory for 
Messrs. Ashmore, Benson, Pease & Co., at Stockton- 
on-Tees. The entire new works cover an area of 
approximately Ioo acres, and are expected eventually 
to provide a covered floor space of about 40 acres. The 
area of the new constructional shop in this first stage 
is approximately 132,000 sq. ft. 

The new works will have, as shown in Fig. 1, railway 
and road access ; the rail access connects to an extensive 
stockyard and also to the area where the finished articles 
are assembled. The works will be complete with 
washing and lavatory facilities, canteens, vehicle storage 
buildings, electrical sub-stations, boiler houses and 
various offices. 
| Site 

Prior to the design of the foundation works an investi- 
gation was carried out, which showed that the quality 
of the clay near the surface was extremely variable, and 
worth no more than ? ton per square foot. A pre-piling 
survey was then put in hand, from which it was found 
that the site consisted almost entirely of clay overlain 
by a few variable deposits of sandy clay and stones. As 
a result of these investigations it was determined to 
support all heavy loads upon piles. The first stage 
of the constructional shop, which is to be described 
later, together with the foundations of the services 
building and office building, were generally carried 
on driven piles totalling 630; the majority of these 
piles were subjected to compressive loads of about 
45 tons. In addition, 42 bored piles were installed, 
carrying about 30 tons each, in situations where the 
normal vibration would have damaged an existing 
sewer. 

; General Arrangement 

_ A plan of the main constructional shop is shown in 
Fig. 2, from which it will be seen that it consists of four 
transverse bays, each 85 ft. 6 in. span, bounded at each 


end by a longitudinal 70 ft. span. In all six bays, 


overhead electric cranes of various capacities are 
provided, the height of the crane rails in the transverse 
bays being 30 feet, and in the longitudinal end bays 
provision has been made for two 50-ton cranes per bay. 
As a result of these fairly heavy crane requirements, 
combined with the considerable heights of crane rails 
and the somewhat unusual arrangement of one bay 
entering another bay at right-angles, a number of 
problems arose. For instance, the crane beams serving 
the end bays have to span 85 ft. 6 in. on to the isolated 
stanchions, which, in addition, were carrying the cranes 
Bom the transverse bays, which not only rested upon 
these columns but passed into the longitudinal bays. 
As a result, these columns carry maximum loads of 
267 tons, bending moments amounting to 117 foot tons, 
and shear forces of 37 tons. It may also be mentioned 
that all columns have been designed to permit the 


*Paper to be read before the Institution of Structural Engineers, 
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Large Constructional Shop” 


By F. R. Bullen, B.Sc., M.I.C.E., M.1.Struct.E. (Member of Council) 


attachment in the future of jib cranes giving rise to a 
bending moment of 60 foot tons. 

Fig. 3 shows a typical cross-section of the four trans- 
verse bays, and Fig. 4 shows a typical cross-section of 
the two longitudinal bays with a longitudinal section of 
the transverse bays. 

The desire of the company was that the building 
should be of the most modern type, and for this reason 
large clear spans uninterrupted by roof trusses or other 
unsightly members, together with a proper use of weld- 
ing, seemed to follow. The original sketches were 
prepared on the basis of the frames being continuous 
at knee or gutter level, and probably fixed at the bases, 
although the possibility of hinged joints at these points 
was not overlooked. At that time it was also thought 
that the slopes of the roofs would be kept to about 
10° with the horizontal, as this has been found to give a 
very economical arrangement, and in any case reduces 
the volume of the building toa minimum. At this stage 
also considerable thought was given to the glazing 
arrangements ; a low roof slope has many advantages 
in relation to the natural lighting of a building, since it 
makes available the largest possible area of the illu- 
minating hemisphere. As the scheme developed, how- 
ever, it seemed desirable to increase the roof slopes to 
15°, largely on account of the better esthetic shapes so 
produced ; the flatter slopes seemed to be too unshapely 
for the large spans and heights required by the general 
outline. Accordingly, 15° was adopted and light curves 
prepared with various arrangements of roof glazing. 
The original intention had been to use what has been 
described as the “‘ pepper-pot ’’ form of roof lighting, 
which has many advantages in lower roofs, and leads to 
a very even distribution of lighting at the working plane. 
It was found, however, in the present case that the 
great heights of the roofs made the “ pepper-pot ” 
formation unnecessary, and continuous runs of glazing 
gave satisfactory lighting curves. In consequence, the 
continuous glazing runs were adopted, and it is suggested 
that the results shown in Fig. 5 would seem to justify 
this arrangement. 

The roof slopes were covered with V-beam R.P.M. 
sheeting, the V-beam form being adopted so as to allow 
the purlin spacings to be as large as possible. Whilst the 
general features of the building are being described 
attention should be drawn to the large area of glazing 
at the side of the north longitudinal bay, which was a 
feature desired by the company and heartily endorsed 
by the architect, Mr. G. A. Jellicoe, F.R.I.B.A., whose 
advice had been sought by the company in connection 
with matters of lay-out and the external appearance of 
the buildings, together with certain detailed features of 
the offices and canteen. 

The structural features of the building fall naturally 
into two parts, (1) the transverse bays, and (2) the 
longitudinal bays, and these will be separately described. 


(1) Transverse Bays 
As mentioned above, the original intention had been 
to design the buildings as a series of rigid frames. 
Detailed consideration of the problems involved, how- 
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ever, soon drew attention to the fact that at a height of 
30 ft. and with cranes such as those envisaged, there 
was a fundamental error in the provision of a structure 
arranged in such a way that the forces imposed upon it 
caused all the members to be loaded both directly and 
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roof rafter was primarily provided for the purpose of 
protecting the building from the weather, it seemed 
unnecessary to have to increase its size to take up the 
crane forces, and considerations of this type led to the 
conclusion that it was more logical to transfer the 
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indirectly. For instance, had rigid frames been em- 
loyed, a crane reaction occurring at a column would 
ave caused not only that column to be loaded in 
ompression and bending but also the roof rafter, and, 
f course, the knee-joint between the two. Since the 
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crane forces direct to the ground through the columns. 
Accordingly, the idea of tapered columns developed, 
designed substantially as vertical cantilevers and capable 
of absorbing the vertical crane loads and the horizontal 
surges as well as the wind forces. Fig. 6 is a diagram- 
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matic cross-section of the four bays, in which are shown 
the forces which the various columns have been designed 
to resist, and the articulation of the members. It will 
be noticed that the horizontal crane and: wind forces 
have been concentrated on particular columns, and this 
has been effected by the use of “sloppy ”’ fits on the 
remote crane wheels. It will also be noticed from this 
that, except for the outside columns, the wind and snow 
loads are the only forces acting upon the roof members, 


which, in consequence, can be correctly described as 


constituting a large umbrella over the working space 
below. The outside columns, being hinged at both the 
top and bottom, receive support against the eccentric 
crane reactions from the roof rafters. A further develop- 
ment of this structural outline then took place. In order 
to economise in the sizes of the roof rafters, a degree of 
continuity was examined and it was found possible to 
treat the rafters of the outer bays as continuous over the 
first lines of columns, thus giving rise to a form of double 
cantilever construction. This, in turn, has led to the 
use of standard rolled sections in many of the members 
and a reduction to a minimum in the use of built-up 
welded sections. Figs. 7 and 8 show this form of 
construction, and it is suggested that a very light result 
has been achieved, giving rise to a pleasing appearance 
and complete freedom from all the usual roof truss 
decorations. Furthermore, the use of larger members 
instead of the multiplicity of small angles has reduced 
the maintenance painting costs to a minimum. — The 
purlins span 25 feet between adjacent frames. 


An approximate calculation was made to discover 
what would have been the weight of steel involved, had 
the four transverse bays been constructed as four 
continuous rigid frames. Whilst it is always a little 
difficult to compare approximate designs with final 
designs, the figures have shown that the design adopted 
is about 10 per cent. lighter in weight of steel than 
would have been the case if the rigid frames had been 
used. The principal economy, however, consists in the 
use of simple rolled sections to a very much greater 
extent than would have been possible for the rigid frame, 
with the result that the average price per ton of steel has 
been quite low. 


(2) Longitudinal Bays 


The design of the longitudinal bays was, of necessity, 
quite different from that of the transverse bays. In 
order to give a similar appearance and in order to 
economise as much as possible, it was desired to use 
rolled sections, and accordingly, it became necessary to 
consider the rafters as supported at the ridge and the 
eaves. On the external wall of the north bay the eaves 
support took the form of stanchions, but the internal 
supports consisted of latticed girders spanning 85 ft. 6 in. 
between the large main, stanchions. The spreading 
effects of the inclined rafters were resisted by members 
in the plane of each rafter slope which formed large 
girders in the planes of the roof slopes. The reactions 
from these girders were transferred to each main stan- 
chion by means of the deep stiff welded ribs, shown in 
Fig. 9, and these ribs were also considered to transfer 
the wind forces from the external walls across the bay 
to the main stanchions. By these means the horizontal 
forces developed by the cranes in these bays were shared 
between the two crane beams, but were wholly transferred 
to the main stanchions, together with the horizontal 
wind forces. Fig. 10 is an isometric view of the inter- 
section of the transverse and longitudinal bays, and 
shows up the lattice girder arrangement and a number 
of other features. The external columns were then 
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treated as simply supported from ground to eaves level 
for wind forces, although they all had to take their 
full vertical crane reaction. 


On the south side, however, the longitudinal bay, 
whilst it has been temporarily sheeted at the present 
time, has been designed to provide for either a similar 
longitudinal bay or a series of transverse bays in the 
future. In consequence, the main stanchions were 
provided at 85 ft. 6 in. centres, supporting the outer 
crane beams and the main roof ribs ; the intermediate 
roof rakers were supported upon deep latticed girders 
spanning between the main stanchions and arranged also 
to give support to the sheeting rails carrying the tem- 
porary galvanised corrugated sheeting. In addition, 
removable stanchions were provided spanning from 
ground up to the underside of the latticed girder, which not 
only gave support to the sheeting rails but, in addition, 
were fitted to horizontal wind girders, which in turn 
spanned between the main stanchions. In order to 
absorb the longitudinal forces set up by the cranes in 
this bay, heavy diagonal bracings were introduced on 
the end bays which brought the main latticed girder 
into use as a portal frame. 


Reference may be made at this stage to the large 
crane girders in the longitudinal bays. Each of these 
girders was 85 ft. 6 in. long and weighed about 22 tons ; 
it consisted of a 90 in. x 4 in. web, with a top flange 
36 in. wide by 2} in. thick, and the bottom flange 
24 in. X I% in. thick. The flanges were tapered to 
18 in. width adjacent to the supports. The flanges and 
web were welded directly to each other, using # in. fillets 
for the compression flange and # in. fillets for the tension 
flange. 4 in. flat stiffeners were provided throughout 
the length of the girders at approximately 4 ft. 9 in. 
centres, and near the centres of the spans intermediate 
stiffeners 4 in. thick were introduced to give additional 
support to the compression flange against buckling due 
to lateral crane forces. The girders not only rested 
upon the stanchion cap plates but were braced to the 
upper limbs of the stanchions by means of stiff diaphragm 
connections, the object being to ensure that all lateral 
forces arising from the crane movements would be 
effectively transferred to the stanchions. The crane 
rails consisted of 3 in. square steel billets, tack welded 
at 18 in. centres to the top flanges of the girders. The 
result of these arrangements is shown in Fig. 11, which 
is a photograph of the northward longitudinal bay. It 
is suggested that a very clean open form has been 
achieved which is simple and economical to paint 
initially and also to maintain. It is difficult to comment 
upon the economies resulting from this arrangement. 
The absorption of the horizontal forces gave rise to some 
considerable thought, and the arrangement adopted 
seems to be the most economical having regard to the 
general arrangement of the structure. Presumably, if 
the more orthodox arrangement had been used this 
might have resulted in a series of roof trusses instead 
of the rakers and arched ribs, each truss supported in 
the same way as the corresponding roof member in the 
design which is being described. This would have 
entailed considerable stiffening of the trusses at the main 
stanchions, unless the lateral forces which are now being 
transferred across the bay had been transferred by means 
of a substantial horizontal girder in the plane of the ties 
of the trusses. The use of roof trusses, however, would 
have involved greater painting and, therefore, main- 
tenance, and in any case does not give the clean open 
lines of the present construction. It is worth pointing 
out also that it has been possible to use, in combination 
with welding, simple rolled sections almost entirely, and 
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in consequence, the average price per ton of steelwork 
has been very economical. 


Stockyard 


The design of the stockyard steelwork has followed 
what might be described as orthodox lines. The crane 
spans were made 8o ft. so that the cranes could be inter- 
changeable with those in the transverse bays of the shop, 
and provision has been made for doubling the stockyard 
in the future. In general, the stockyard supports are 
at 50 ft. centres, the transverse crane surge forces being 
absorbed by horizontal surge girders attached to the 
main running girders.. These crane girders were all 
welded, as were the trestles. An interesting provision 
has also been made for the future ; where the stockyard 
crane gantry lies in front of the two longitudinal bays 
of the main shop, the trestles have been designed in 
such a way that they can be extended upwards to form 
the supports for future extensions of the large crane 
girders in those bays. This provision would enable the 
50-ton cranes in the longitudinal bays to pass out of the 
building and over the stockyard, should the need arise 
in the future for much heavier loads to be transferred 
into the building. These provisions had their effect 
upon the stockyard gantry design as also did the founda- 
tion requirements. In this latter respect, owing to the 
necessary use of piles for foundations, it was desirable 
to load the piles fully, and in consequence, the stockyard 
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concrete raft, and is connected to the constructional shop 
by means of a pipe bridge which spans on to the boiler } 
house and also on to the constructional shop and services — 
building, the total distance being ror ft. 

There is nothing particularly novel about the boiler 
house design other than that it has a nominally flat roof, — 
and incorporates steel floors at elevated levels to give — 
access to the various mechanical features of the boiler 
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gantry supports were spaced at 50 ft. centres. Fig. 12 
shows a view of the stockyard as it is now. 


Boiler House and Pipe Bridge 


It will be seen on reference to Fig. 2 that on the 
north side of the main factory road the first section of the 
boiler house has been constructed. This boiler house is 
a steel-framed structure supported upon a reinforced 
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plant. The pipe bridge also is fairly straightforward — 
in design ; the sides are built up of angles to form — 
latticed girders, to which additional angles and joists 
are attached to support the timber walkway which gives 
access to the many service supply pipes which cross the 
road through this bridge. The whole of the bridge «is 
covered with Robertsons’ Protected Metal sheeting. — 
Fig. 13 shows a photograph of this bridge and the 
boiler house structure. 


Fig. 14 shows a photograph of the steelwork of the i 
first section of the canteen building. This is a small © 
building measuring 70 ft. x 54 ft. Inthe back section is — 
the kitchen and in the front section the space for service 
of meals. The steelwork arrangement was dictated by | 
the architectural requirements, which envisaged an — 
entirely glazed frontage free from obstruction of steel-_ 
work. 


One detail of importance was carefully ensured, 
namely, that the trusses in the kitchen section consisted 
of single angles to facilitate painting and avoid lodgments ~ 
for condensation moisture. This is an extremely — 
important feature in buildings such as kitchens, where — 
corrosion rapidly sets in if steelwork cannot be readily — 
maintained. 


The steelwork of the office block and services building ~ 
was entirely straightforward and consisted of simple 
beams and stanchions. The office block was supported 
on piles with reinforced concrete foundations, and 
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‘ovision was made for the addition of two further 
yors in the future. 


Erection Problems 


The first reaction of the contractors upon receipt of 
.e drawings was summarised by them as follows : 
“Preliminary perusal of the drawings indicated a 
ructure of most unusual design, and it was evident that 
recial considerations would have to be given to the 
ection of it.” 

‘The erection problems, therefore, were considered 
ider. the following headings :— 

(a) Special features of the structure. 

(b) Stability of the structure during erection. 

(c) Size and weights of bars most convenient for 
ection and welding on site. 

(d) Access facilities for materials. 

(e) Erection procedure. 


(a) Special Features 
OUR TRANSVERSE Bays 


(1) Roof construction in pairs of balanced ribs. 

(2) Balanced ribs consisted of one fixed apex and one 
iding apex. i 

(3) The balanced rib was pin jointed at all three 
ipports. 

(4) The central stanchion to the balanced rib was 
ced at the base to resist overturning. The other 
anchion to the balanced rib was hinged at the base 
; well as the cap. 


ORTH AND SOUTH LONGITUDINAL Bays 

(1) Roof to each high bay designed in four longitudinal 
ctions. 

(2) Each longitudinal section comprised in effect two 
ate ribs, one at each end, and three intermediate 
ist ribs. 


Fig. 8 


(3) Intermediate ribs braced by a system of rafter 
bracing which was only complete when the end plate 
ribs were fixed. 

(4) Main columns on the side of longitudinal bay 
adjacent to the transverse bays were braced vertically 
to the first column of the transverse bays in each case. 
This bracing was intended to take the wind load from the 
roof through the main plate roof ribs. The north set 
of bracing was incomplete without the south set of 
bracings. The north set was designed for wind from 
the North, and the south set for wind from the South. 


(b) Stability of Structure during Erection 


(1) FOUNDATIONS 
The special features described above made it im- 
perative that all foundation bolts should be grouted 
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solid with the foundation block before any stanchion 
was erected. It was decided, therefore, to make steel 
templates of the various stanchion bases. These tem- 
plates not only held the bolts in the correct location 
horizontally, but held the bolts at the correct height. 
The templates in these respects were an exact replica 
of the stanchion bases. The templates were set for 
location and level, and the bolts were concreted up to 
the level of the concrete foundation. The templates 
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were then removed and the stanchion fixed on level 
steel packings. By this means the stanchion base was 
rigidly fixed in location. Plumbing was accomplished 
by varying the relative levels of the packings. 


(2) TRANSVERSE Bays 

The roof ribs over two bays had to be erected as 
unit if the balanced design was to function. The ribs 
over two bays were assembled and welded on the 
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ound, to the correct span and height dimensions. A 
tefully designed and applied 8 point suspension lift 
‘en raised them into position. 


) LoneirupinaL Bays 


(a) The fact that the rafter bracing was incomplete 
itil the end plate ribs and three intermediate ribs were 
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xed and braced made it necessary to restrain the 
itermediate ribs against opening out and increasing 
1e span dimension at the shoes. The desired restraint 
as ultimately provided by a horizontal tie channel 
uried on suspenders from the joist rafters and attaching 
1ereto just above the shoes. 

(b) The fact that the vertical bracing against wind at 
1@ main columns was designed to function in one 
rection only, and was not able to be fixed until part 
‘the transverse bay was erected, made it necessary to 


strain the building with guys in a north-south direction 
each main column as erection proceeded. 


(c) Size and Weight of Bars 


(1) The only bars to present any problem in this 
spect were the heavy crane girders and plate ribs in the 
igitudinal bays and the balanced ribs in the transverse 
ys. 

(2) Investigations proved that the main crane girders 
uld be handled at site in one piece and that transport 
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in one piece was possible to the site. The girders were 
therefore completely fabricated in the works. 

(3) Plate ribs to the longitudinal bay were broken 
down to three pieces and assembled and welded on site 
to comply with transport regulations. 

(4) The balanced ribs in the transverse bays were 
broken down into eight parts for each pair of bays, and 
were welded and assembled on site to comply with 
transport regulations. 


(d) Access Facilities for Materials 
Investigation and discussion on site enabled arrange- 
ments to be made for road access on the whole of the 
north, west and east sides. 


Fig. 13 


(e) Erection Procedure 


LONGITUDINAL BAys 


One 15-ton electric and one 5-ton electric crane, each 
mobilised on bogies and with roo ft. jibs, were used for 
this section. The cranes traversed in the longitudinal 
direction of the bay. The width of the longitudinal 
bays was insufficient to accommodate the cranes side by 
side, and accordingly they were erected at suitable 
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distances one behind the other in the longitudinal 
length. 


TRANSVERSE BAYS 


Two 5-ton electric cranes, each mobilised with roo ft. 
jibs, were used for this section. The cranes were erected 
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side by side on a transverse line, one in each bay of one 
pair of balanced bays. The cranes were moved down 
the longitudinal length of the building as erection pro- 
ceeded. An additional 5-ton diesel crane working on 


caterpillar tracks was later introduced for genet 
purposes. 

Erection commenced at the west end of the nor 
longitudinal bay and proceeded in an easterly directio 
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taking in the services building and the first bay of the 
transverse bays ; the latter was essential for stability 
considerations. On completion of erection of the north 
longitudinal bay, erection commenced at the north end 
of the west pair of transverse bays. During the period 
the west pair of transverse bays were being erected, the 
two erection cranes in the north bay were dismantled, 
and re-erected at the west end of the south longitudinal 
bay. 

_ When the erection of the west pair of transverse bays 
reached the south longitudinal bay, the two 5-ton cranes 
which had erected the west pair of transverse bays were 
dismantled by the erection cranes set up in the south 
longitudinal bay. These two 5-ton cranes were then re- 
erected at the north end of the east pair of transverse 
bays while the erection of the south longitudinal bay 
proceeded. It was estimated that half the longitudinal 
length of the south longitudinal bay would be erected 
by the time the erection of the east pair of transverse 
bays reached the south bays. This estimation proved 
correct, and the two 5-ton cranes erecting the east pair 
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near the eaves level, but the first few rafters erected were 
not temporarily supported in this way, and conse- 
quently gave rise to some quite difficult problems due 
to the spread. It may also be mentioned that the same 
problem was aggravated by the fact that difficulty was 
experienced in fabricating the stanchions in perfectly 
straight lengths ; there was a tendency for the smaller 
limbs at the tops of the. stanchions to deflect outwards 
on account of the welding, which not only assisted the 
rakers in spreading but in consequence led to a somewhat 
uneven ridge line. This difficulty arose particularly on 
the north longitudinal bay, where the feet of the rafters 
are supported upon the smaller and more slender 
stanchions. The opinion was expressed by the con- 
tractors that the intermediate rafters should have been 
designed against spreading during erection, but the 
author does not agree with this, although he agrees that 
the provision of temporary ties, as were introduced 
subsequently during erection, was essential. 

Another important point which arose related to the 
stability of the longitudinal bays during erection, and 


PROGRAMME, 


A 
ie! 


pee ies tel 


eee 


E 


of transverse bays were dismantled by the south longi- 
tudinal bay erection cranes and sent off the site. 

The erection of the second half of the south longi- 
tudinal bay was then completed. 

The average rate of erection of steelwork was 67 tons 
per week ; this was less than the original estimate on 
account of these specific factors : 

(1) Bad weather. 


(2) Irregular delivery of steel due to shortages of 


specific sections. 
_ (3) The first arrangements made were barely suitable 
for the job, particularly in the north longitudinal bay ; 
the south longitudinal bay, however, was erected much 
more expeditiously with the same plant after the 
difficulties experienced in the north bay had been 
‘overcome. 
_ Fig. 15 shows, diagrammatically, the erection arrange- 
ments. 
_ The foregoing description of both the design and 
erection of this somewhat unusual structure will have 
exposed a number of problems. The most important 
ifficulty which arose was that relating to the erection 
of the north and south longitudinal bays. These 
ifficulties related to the large lattice girders in the 
tafter plane, and they arose because, until those girders 
were fully bolted up and completed, the intermediate 
ist section rafters were free to spread under their own 
weights. As has been mentioned above, this tendency 
as prevented by the introduction of temporary ties 
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STAGE 4 


prior to the erection of the transverse bays. As has 
been remarked, and as may be seen from Fig. 9, the 
lateral stability of the longitudinal bays depends upon 
the bracing in the first bay of the transverse bays ; 
furthermore, the stability of the north bay for wind 
blowing from the North is absorbed by this lateral 
bracing, but with the wind blowing from the South that 
bracing is no longer effective. In consequence of this, 
it became necessary to introduce cable anchorages 
temporarily to ensure stability during erection. 

The author, in common with the contractors, feels 
that the bracing in the first bay of the transverse bays 
should have been capable of withstanding wind pressure 
in either direction. Notwithstanding this defect, how- 
ever, which after all was quite readily overcome and 
really constituted part of the erection procedure, the 
design has produced a structure which it is hoped may 
form a worthy addition to British engineering. 

Grateful acknowledgement is made to Messrs. Ashmore, 
Benson, Pease & Co., for their permission to publish the 
information contained in this paper, and especially to 
their works manager, Mr. T. K. Hargreaves, M.A., 
A.M.I.Mech.E., for his very real co-operation at all 
stages. 

The contractors who supplied and erected the struc- 
tural steelwork were The Cargo Fleet Iron Company, 
Ltd., and the author’s firm, F. R. Bullen & Partners, in 
their capacity as Consulting Engineers to Messrs. 
Ashmore, Benson, Pease & Co., designed the structure 
of the building. 
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Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 

An Ordinary General Meeting of the Institution was 
held at 11, Upper Belgrave Street, London, S.W.1, on 
Thursday, January 24th, 1952, at 5.55 p-m., Mr. Walter 
C. Andrews, O.B.E., M.I.C.E., M.I.Struct.E. (President) 
in the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections as tabulated below, should be referred to when 
consulting the Year Book for evidence of membership. 


STUDENTS 
CORBETT, Joseph Frank, of Bury, Lancs. 
Cussons, Stanley Harold, of Stockton-on-Tees. 
DurRLeEy, Anthony William, of Loughton, Essex. 
GERRIE, Michael Bain, of London. 
GILDER, Peter James, of London. 
HALL, Raymond Sidney, of Radford, Notts. 
HARDCASTLE, Frank, of Salford, Lancs. 
HooKHAM, Raymond Albert, of Eastbourne, Sussex. 
Lewis, Brian David, of Romford, Essex. 
Masters, Patrick Anthony, of Derby. 
METCALF, Leslie, of Preston, Lancs. 
Roserts, Geoffrey Russell, of Chepstow, Mon. 
YounG, John Frederick, of Romford, Essex. 


GRADUATES 

ABRAHAM, Ebenezer Adeniyi, of Bolton, Lancs. 

BROOKES, Roy,’ of Chesterfield, Derbys. 

BryYANT, Paul Alastair Verdier, B.Sc.(Eng.), Rand, of 
Pretoria, S. Africa. 

Coss, Walter Clifford, of Middlesbrough, Yorks. 

CROWDEN, Brian Bertram, of Birmingham. 

Davis, Elsbury John, B.Se.(Eng.), Natal, of Durban, 
South Africa. 

DuxKas, John Desmond, B.Sc.(Eng.), Cape Town, of 
Cape Town, South Africa. 

FLETCHER, John Richard, B.Sc. Wales, of Walsall, 
Staffs. 

GREENHALGH, Fred, of Bolton, Lancs. 

GROYER, Edward, B.Sc.(Eng.), Cape Town, of Johannes- 
burg, South Africa. 

KATHIRGAMAN, Kanagaraththinam, B.Sc.(Eng.), London, 
of Point Pedro, Ceylon. 

KHARKAR, Meghashyam Shantaram, A.R.I.B.A., of 
Heston, Middx. 

Kinc, Kenneth Herbert, 
Wallington, Surrey. 

MarTHIAs, Francis Cecil, B.E.(Civil), Madras, of Madras, 
India. 

NICHOLSON, Thomas Hedley, B.Sc.(Civil), Durham, of 
Newcastle- -upon-Tyne. 

PaTTEN, John, of Wolverhampton, Stafis. 

ROTHWELL, Leslie Herbert, of Eccles, Lancs. 

SMEDLEY, Granville Barrie, B.Sc.(Tech.), Manchester, of 
Royton, Lancs. 

SMITH, John Allan, of Bolsover, Derbys. 

SZALWINSKI, Stefan, of London. 

Tair, Alexander, of Motherwell, Scotland. 

THORBY, Neil Henry, of Hillingdon, Middlesex. 

WARNER, John Spearman, B.Sc.(Eng.), Natal, of 
Johannesburg, South Africa. 


B.Sc.(Eng.), London, of 


TRANSFERS 
Students to Graduates 
LIVERMORE, Gordon, of Cardiff. 
McCauLey, John Brian, of Newton-le-Willows, Lancs. 
SUMNER, Douglas Barrie, of Wellington, New Zealand. 


Graduates to Associate-Members 

AKERKAR, Anand Ganesh, B.E.(Civil), Bombay, of 
Bombay, India. 

LIEBENBERG, Algernon Charles, B.Sc.(Eng.), Cape Town, 
of Rosebank, South Africa. 

Mapan, Madhukar Yeshwant, B.E.(Civil), Bombay, of 
Bombay, India. 

Moore, Stanley George, of Birmingham. 

Mott, John Charles Spencer, of Thornton Heath, 
Surrey. 

OAKEY, James Richard, of Hamilton, Ontario, Canada. 

Stmon, John, of Salford, Lancs. 


Associate-Member to Member 
SEIN MaunG Kyaw, M.Sc.(Eng.), Manchester, 
A.M.1.C.E., A.M.I.Mun.E., of Rangoon, Burma. 


Member to Retired Member 
MITCHELL, Arthur James, O.B.E., M.I.C.E., of Beacons- 
field, Bucks. 


OBITUARY 


The Council regret to announce the death of Jo.n 
Nicholas Patrick CONLAN (Associate-Member). 


RESIGNATIONS 


Notification was given that the Council had accepted 
with regret the resignations of Harry Ellis WADLAND 
(Member) ; Daniel Maclelland Lairp (Associate) ; Peter 
Henry Clifford Watson (Graduate) ; Edgar Ronald 
MorGan (Student). 


EXAMINATIONS—JULY, 1952 


The examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 
July 15th and 16th, 1952 (Graduateship), and July 17th 
and 18th (Associate-Membership). 


FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1 :— 


Thursday, March 13th, 1952 
Ordinary Meeting at 6 p.m., when Mr. P. SG. Bowie, 
A.M.I.C.E. (Member), will give a paper on “ Faults in 
Concrete Structures.”’ 


Wednesday, March 19th, 1952 
Joint Meeting with the Reinforced Concrete Associa- 
tion at 6 p.m., when Mr. F. S. Snow, M.I.C.E., 
M.I.Mech.E. (Past President), will give a paper on 
“ Recent Industrial Development at Port Sunlight and 
Bromborough.” 


Thursday, March 27th, 1952 

Ordinary General Meeting at 5.55 p.m. This meeting, 
which is for the election of members and is open only to 
corporate members of the Institution, will be followed 
by an Ordinary Meeting at 6 p.m., when Mr. F. R. 
Bullen, B.Sc., M.I.C.E. (Member of Council), will give a 
paper entitled ‘ Unusual Design for a large Construc- 
tional Shop.” 


Thursday, April 24th, 1952 
Ordinary General Meeting for the election of members, 
5-55 p-m., followed by an Ordinary Meeting at 6 p.m., 


farch, 1952 


then Mr.S. Mackey, M.E., Ph.D., A.M.I.C.E.I. (Associate- 
fember) and Mr. D. M. Brotton, B.Sc., Ph.D. (Graduate) 
ill give a paper entitled “An Investigation of the 
;chaviour of a Riveted Plate Girder under Load.” 


Thursday, May 22nd, 1952 
Annual General Meeting. 

Members wishing to bring guests to the Ordinary 
leetings announced above are requested to apply to 
he Secretary for tickets of admission. 


EARTH RETAINING STRUCTURES CODE 


‘Civil Engineering Code of Practice No. 2—Earth 
tetaining Structures,’’ issued by the Institution of 
tructural Engineers on behalf of the Civil Engineering 
oint Codes Committee is now available and may be 
btained from the Institution, price I5s., post free. 


INSTITUTION AWARDS 


The following awards have been made for papers read 
efore the Institution and at the Branches during the 
ession 1950-51 :— 


ONDON (HEADQUARTERS) ‘PRIZE 

Lt.-Colonel G. W. Kirkland and Mr. A. Goldstein, for 
paper on “ Design and Construction of a Large Span 
restressed Concrete Shell Roof.” 


[IDLAND COUNTIES BRANCH PRIZE 
Mr. H. E. Brooke-Bradley, for a paper on “ The 
troblem of the Supporting Power of the Subsoil.” 


JORTHERN COUNTIES BRANCH PRIZE 
Mr. N. J. Ruffle, for a paper on “ Concrete Control of 
mall Works.” 


COTTISH BRANCH PRIZE 
Mr. H. B. Sutherland, for a paper on ““ Some Problems 
n Soil Mechanics.” 


VESTERN COUNTIES BRANCH PRIZE 
‘Mr. N. G. T. Ball, for a paper on “ The Reconstruction 
i the Colston Hall, Bristol, 1951.” 


; 

ALES AND MONMOUTHSHIRE BRANCH PRIZE 

Mr. G. R. Brueton, for a paper ‘“‘ The Fatigue of 
faterials Related to Design.”’ 


d 
eae BRANCH PRIZES 


Professor R. H. Evans, for a lecture on “ The Institu- 
ion of Structural Engineers’ Report on Prestressed 
mcrete.”” 
Mr. W. Hunter Rose, for a lecture on “‘ The Durability 
f Concrete.”’ 
Mr. R. Oates, for a paper on “ The Structural Design 
f the Medieval Cathedral.’’ 


INION OF SOUTH AFRICA BRANCH PRIZE 
Mr. C. Rigby, for a paper on “‘ Moment Distribution.”’ 


NEW YEAR’S HONOURS 

In offering their sincere congratulations to the follow- 
ig member on the distinction recently conferred upon 
im, the Council feel that they are also expressing the 
0d wishes of the Institution. 


ORDER OF THE BRITISH EMPIRE—O.B.E. 
Mr William J. Fitt (Member) 


SESSIONAL PROGRAMME 1952-1953 


The Literature Committee are now considering and 
ecting papers for inclusion in the Sessional Programme 
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for 1952-53. Members who may wish to offer papers 
during the coming Session are invited to communicate 
with the Secretary. 


JOURNAL CASES AND BINDING, 10951 


A binding case can be supplied for the twelve issues 
of the Journal, January-December, 1951 (Volume 29), 
price I1s., post free. : 

The price for binding volumes is 26s. per volume, 
inclusive. This price is for the half-leather binding 
which has been in use for some years. 

It is requested that all parcels and Journals forwarded 
for binding should bear the name, address and rank of 
the member concerned. All volumes for binding must 
be despatched to the Institution by March 31st, 1952. 

An Index will be included in all volumes bound. This 
Index will not be generally distributed, but members 
and others wishing to have a copy should apply to the 
Secretary. 


THE MACLACHLAN LECTURE 


GENERAL CONDITIONS 


Through the generosity of Mr. John MacLachlan 
(Retired Member), the Council was able in 1948 to 
institute an Annual Lecture to be competed for by 
Associate-Members. The conditions of the presentation 
are as fo.lows :— 

1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the 
MacLachlan Lecture, and to be held annually. 

2. The subject of the Lecture may be on any aspect of 
Structural Engineering so long as in every second year 
the subject shall be confined to steel structures. 

3. Entrance into the competition for the Lecture shall 
be confined to Associate-Members of the Institution, who 
are under the age of 32 years. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the Council 
of the Institution, and all such papers (including the 
prize-winning lecture) shall be available for publication 
in the Journal of the Institution at the discretion of the 
Council. 

5. No paper submitted shall have been published or 
read elsewhere. 

6. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of £17 Ios. od. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit, he will receive a consolation 
award of £5. 

8. In the event of there being no winner of the compe- 
tition in any one or more years, whether because no 
lecture is submitted or because no lecture submitted is 
considered to be of sufficient merit to warrant an award, 
or for any other reason, the Institution shall transfer 
these sums to the Research Fund of the Institution. 


PARTICULARS OF THE COMPETITION FOR 1952 


1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1952. 

2. The subject of the Lecture shall be on any aspect 
of structural engineering. 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
possible in the text ; if they are essential they should be 
embodied in appendices. Photographs, drawings, graphs, 
etc., which would appear as illustrations to the lecture 
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in published form, should accompany the script. If 
additional illustrations would be shown as slides, a list 
of these should be included. 

Lectures should be prepared in accordance with the 
requirements of the Literature Committee for publication 
in THE STRUCTURAL ENGINEER? Candidates may obtain 
a copy of these requirements on application to the 
Secretary. 

4. Six copies of each Lecture should be submitted and 


should be addressed to the Secretary of the Institution. — 


5. The closing date for the receipt of entries by the 
Institution is Monday, March 31st, 1952. 


EXAMINATIONS 
PREPARATION FOR THE [EXAMINATIONS OF THE 
INSTITUTION BY ATTENDANCE AT TECHNICAL COLLEGES 
A candidate for Graduateship or Associate-Membership 
may be able to attend a technical college ; these notes 
are intended to guide him in choosing the most suitable 
instruction. 


PREPARATION FOR THE GRADUATESHIP EXAMINATION 


Technical colleges offer : 

(a) Full-time courses for degreés or Higher National 
Diplomas in Building or Engineering. 

(b) Part-time day or evening courses for Higher 
National Certificates in Building or Engineering. 

If he obtains a Higher National Certificate or Diploma 
complying with Appendix IJ, Section V, of the Regula- 
tions Governing: Admission to ‘Membership, the candidate 
will be exempted from the Graduateship Examination. 

Alternatively, he may study subjects selected from the 
available courses and sit the Graduateship Examination. 
At technical colleges courses are usually available in 
Building Science or Engineering Science, Strength of 
Materials, Theory of Structures and Surveying, but 
students are not normally allowed to select subjects from 
National Diploma or Certificate courses unless they can 
show evidence of sound training in more elementary 
studies. The advice of-the College Authorities should 
be followed. 


PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 


At some technical colleges there are part-time courses 
in Structural Engineering which cover the syllabus of the 
Associate-Membership Examination. At other colleges 
the candidate must rely on Higher National Certificate 
courses or on advanced courses in Building, Civil 
Engineering or Municipal Engineering ; these cover onlv 
part of the requirements for the Associate-Membership 
Examination. 

Colleges in the first category provide at least two years 
of instruction in Theory of Structures and in Structural 
Engineering Design and Drawing up to Associate- 
Membership standard. They also give instruction in 
Structural Specifications, Quantities and Estimates. 

The Colleges which have informed the Institution that 
courses in Structural Engineering are available are :— 

Belfast College of Technology. 

Birmingham Central Technical College. 

Bolton. Municipal Technical College. 

Bradford Technical College. 

Derby Technical College. 

Dudley and Staffordshire Technical College. 

Glasgow Royal Technical College. 

City of Liverpool College of Building. 

L.C.C. Brixton Schoo] of Building. 

L.C.C. Hammersmith School of Building and Arts 
and Crafts. 

Manchester College of Technology. 


The Structural Engines 


Middlesbrough Constantine Technical College. 

Salford Royal Technical College. 

South-West Essex Technical College, Walthamsto 
Las oy 

Stockport College for Further Education. 

Colleges in the second category provide instruction i 
Theory of Structures from which the student may reac 
Associate-Membership standard, but instruction 
Structural Engineering Design and Drawing and i 
Structural Specifications, Quantities and Estimates 1 
not usually so complete. The colleges which hay 
informed the Institution that such courses are availabl 
are i— : 

Brighton Technical College. 

Cardiff Technical College. 

Huddersfield Technical College. 

Leeds College of Technology. 

London Battersea Polytechnic. 
London Northampton Polytechnic. 
L.C.C. Westminster Technical College. 
Plymouth and Devonport Technical College. 
Preston Harris Institute. 

Wigan Mining and Technical College. 
Woolwich Polytechnic. 

Students attending colleges in the first category are 
advised to take the organised courses in Structura 
Engineering. Students of Graduate Membership 
standard will usually be allowed to select subjects fro 
courses provided by colleges in the second category. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 
The next meeting of the Section will be held at 
11, Upper Belgrave Street, London, S.W.1, on Tuesday, 
March 11th, when the Annual General Meeting will os 
held at 6.00 p.m., followed by a film on “ The Moving 
of an Historic Building, Whitehall Gardens.” 
All members are urged to attend to elect the new 
Committee. 
Hon. Secretary : D. B. Rogers, 4, Portland Ris 
Finsbury Park, N.4. 
BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The following meetings have been arranged :— 
Wednesday, March 12th, 1952 
Joint Meeting with the Liverpool Engineering Societ 
at The Temple, 24, Dale Street, Liverpool, at 6 p. 


Mr. J. Cunningham, B.Sc., A.M.I.C.E., on “ The Britan- 
nia Tubular Bridge over the Menai Straits.” 


Wednesday, March 19th, 1952 

Dr. G. G. Meyerhof, M.Sc., A.M.I.C.E., F.G.S. (Ass@ 

ciate-Member), on “‘Some Aspects of Soil Mechanies 

with reference to Foundations,’ at the College of 
Technology, Manchester, 6.30 p.m. 


Tuesday, April 20th, 1952 
Professor J. A. L. Matheson, M.B.E., M.Sc., Ph.D§ 
M.I.C.E. (Member), on “ Plasticity and Structural 
Design,” at the College of Technology, Manchester 
6.30 p.m. 
Thursday, May 15th, 1952 
Annual Business Meeting. 
Hon. Secretary: A. S. Sinclair, A.M.I.Struct.E@ 
28, Kenwood Road, Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 


The following meetings have been arranged :— 


Friday, March 28th, 1952 

Mr. P. B. Morrice, B.Sc.(Eng.), on “‘ The Researel 
Station of the Cement and Concrete Association,” 
Stafford. 
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Tuesday, April 2oth, 1952 
Annual General Meeting at the James Watt Memorial 
nstitute, Birmingham, 6 p.m., followed by a paper on 
Piling in Engineering Construction,” by Mr. J. Owen- 
ake (Associate-Member). 
wion.  oecretary: FE. R. Deeley, A.M.I.Struct.E., 
wranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 


Wednesday, April 30th, 1952 

Mr. S. M. Cooper (Associate-Member), on “ Investiga- 
ion of the Failure of the Tacoma Narrows Bridge.’”’ The 
ollowing films will be shown: “The Failure of the Tacoma 
Narrows Bridge’’ (Lond Version) ; “‘ River to Cross ”’ 
wind tests on the Severn Bridge model). The meeting 
vill be held at the James Watt Memorial Institute, 
xreat Charles Street, Birmingham, at 7 p.m. 


Friday, May 30th, 1952 
Short papers by members of the Section. 
Hon. Secretary : M. H. Evans, B.Sc., 42, ss Hill 
Road, Pr Orre, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 
The following meetings have been arranged :— 


Tuesday, March 4th, 1952 
Mr. G. S. Gowland (Associate-Member), on “ Im- 
wessions of U.S.A. Welding Methods,” at Middles- 
rough. 


Wednesday, March 5th, 1952 
The above meeting will be repeated at Newcastle. 


Wednesday, April and, 1952 

- Annual General Meeting, at the Neville Hall, New- 
castle, followed by a paper on “ Data in the Drawing 
Office,” by Mr. J. Ross. 

_ All meetings will commence at 6.30 p.m., preceded by 
fea at 6 p.m. 

Hon. Secretary: Jan MacGregor, M.I.Struct.E., 
), Ellison Place, Newcastle-upon-Tyne, I. 


NORTHERN IRELAND BRANCH 
‘The following meetings have been arranged :— 


Tuesday, March 4th, 1952 
Miaehiawe Nelson, bse, -A.R.1:C.on ~ Blastic 
Design Applied to Structural Engineering,” at the 
-ollege of Technology, Belfast, 7.30 p.m. 


Tuesday, April 22nd, 1952 
Annual General Meeting, at the College of Technology, 
Belfast, at 7.30 p.m. 
Hon. Secretary : S. G: Duckworth, M.1.Struct.E., 
* Lisleen,’’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
The following meetings have been arranged :— 


Tuesday, March 11th, 1952 
Mr. W. A. Fairhurst (Member), on “ The Design of 
Engineering Structures, including Concrete Bridges.” 


Wednesday, April 17th, 1952 
_ Annual General Meeting. 
The above meetings will be held at the Ca’doro 
Restaurant, Glasgow, at 6 p.m. 
| Hon. Secretary: D. G. Drummond, B.Sc., M.I. 
Struct.E., A.M.I.C.E., 11, Woodside Terrace, Glasgow, 


e3. 
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SOUTH-WESTERN COUNTIES BRANCH 


Hon. Secretary: FE. W. Howells, M.I.Struct.E., 
c/o Messrs. T. L. Harding & Sons, Ltd., 10/12, Market 
Street, Torquay. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 


Tuesday, March 4th, 1952 
Meeting at the South Wales Institute of Engineers, 
Cardiff, 6.30 p.m. Films will be shown. 


Wednesday, March 5th, 1952 
A meeting will be held at the Mackworth Hotel, 
Swansea, at 6.30 p.m., when the films referred to above 
will be repeated. 


Friday, March 2st, 1952 
A meeting will be held at Colwyn Bay. 


Tuesday, April 1st, 1952 
Students’ Evening, at the South Wales Institute of 
Engineers, Cardiff, 6.30 p.m. 


Friday, April 25th, 1952 
Annual Dinner at the Osborne Hotel, Swansea. 


Tuesday, May 6th, 1952 
Annual General Meeting, at the South Wales Instiute 
of Engineers, Cardiff, 6.30 p.m. 
- Hon. Secretary: E. R. Steward, A.M.I.Struct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES BRANCH 


The fourth meeting of the Session was held at Bristol 
University on Friday, January 4th, 1952, Professor 
AG) Pugsley, O.B.E. D.Sc5. M.1.C.E. .2M.1.Struct.E., 
F.R.Ae.S. (Branch Chairman), presiding. 

A paper, entitled “The Fabrication of Steel Struc- 
tures,’ was presented by Mr. O. H. Willey, which 
included comparisons between British and American 
practice. A keen discussion followed the paper. 

The following meetings have been arranged :— 


Friday, March 7th, 1952 
Mr. J. A. Newton (Student), on “‘ The Civil and 
Structural Engineers’ Contribution towards the Re- 
construction of Stapleton Road Gas Works, Bristol.” 


Friday, April 4th, 1952 
Annual General Meeting, followed by Film Show. 
Hon. Secretary: C. E. Saunders, M.I.Struct.E., 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Somerset. 
YORKSHIRE BRANCH 


A Joint Meeting of the Yorkshire Branch and the 
Yorkshire Association of the Institution of Civil 
Engineers was held on Friday, January 11th, at the 
Blue Bell Hotel, Scunthorpe, at 6.30 p.m. 

About 50° members and visitors attended and heard 
a paper on “ The Construction of a Generating Station 
and its Sundry Erection Problems,” by Mr. F. W. J. 
Saar, A.M.I.Mech.E., which was well illustrated with 
photographs taken ‘during the construction of the 
Keadby Generating Station, near Scunthorpe. 

A vote of thanks to the speaker was proposed by 
Mr. C. Cooper, M.I.C.E., and seconded by Mr. S. 
Richards, A.M.I.Struct.E. 

The thanks of the Branch are due to Mr. Saunders, of 
the United Steel Structural Co., Ltd., for the help he 
kindly gave to make the meeting a great success. 
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A Meeting of the Yorkshire Branch was held on 
Wednesday, January 16th, in the Great Northern Hotel, 
Leeds, and was attended by 40 members and visitors. 

A paper, entitled “ Structural Engineering at Abbey 
Works,” was presented by Mr. A. V. Hooker, A.M.LC.E., 
A.M.I.Struct.E., and was excellently illustrated with 
lantern slides, and greatly appreciated by all present. 


A vote of thanks to the speaker was proposed by 


Mr. Barlow, and seconded by Mr. Maddock, and carried — 


with acclamation. 
The following meetings have been arranged :— 


Wednesday, March 19th, 1952 


Mr. Hugh B. Sutherland, S.M. (Harvard), A.M.1.C.E., 
(Associate-Member), on “ Problems in Foundation En- 
gineering,” at the Great Northern Hotel, Leeds, 6.30 p.m. 


Book 


Structural Theory and Design, Vol. I, by 
J. McHardy Young, B.Sc., M.I.Struct.E., A.M.1.C.E. 
(London: Crosby, Lockwood). 288 pp. 25s. 

The author presents in this edition the more elementary 
part of the subject, and Volume II will deal with more 
advanced theory and design for the specialist or prac- 
tising engineer. 

This first volume covers a wide range of theory from 
the study of materials and the design of simple beams 
to the deflection of frames, and part of the subject- 
matter is devoted to design in reinforced concrete. There 
are chapters on structural mechanics, normal structural 
analysis, deflections, fixed and continuous beams, rolling 
loads, columns, etc., and the author is to be congratu- 
lated on the neat and methodical layout of the whole of 
the work. The book is profusely illustrated, and each 
chapter ends with a series of examples selected from 
Associate-Membership examinations. 

The student is encouraged throughout the book to 
make comparisons by means of alternative methods 
of analysis, and stress is laid on the fact that designers 
must acquire the skill to be able to modify theoretical 
considerations to suit the needs of practical design. 

The book achieves its object with great success, and 
will prove of assistance to students preparing for the 
examination of this Institution. 

DIL 


Structural Theory and Design, Vol. II, by J. 
McHardy Young, B.Sc., M.I.Struct.E., A.M.I1.C.E. 
(London : Crosby Lockwood). 300 pp. 25s. 

Volume II of this excellent production was awaited 
with interest following the general praise with which the 
first volume was received. 

The book is intended to cover the theory of structures 
paper in the Associate-Membership examination of this 
Institution, and deals widely with redundant framed 
structures, arches, portals and rigid frames. 

There are most informative chapters on the analysis 
and design of building frames, earth pressure, soil 
mechanics, foundations, etc., and the high standard 
reached in the previous volume is maintained throughout 
the second contribution. 

One unusual and welcome chapter is devoted to 
miscellaneous problems in steelwork and _ reinforced 
concrete, nor has the question of connections been 
forgotten—in fact the final chapter deals exclusively 
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Wednesday, April 23rd, 1952 
Annual General Meeting. 
Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E,, 
A.M.I.Struct.E., P.O. Box ‘3306, Johannesburg. During 
week-days, Mr. Tait can be contacted in the City 
Engineer’s Department, City Hall, Johannesburg. ’Phone 
34-1110, Ext. 257. 

Natal Section Hon. Secretary: E. G. Bennett, 
A.M.I.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O; 
Box 49, Merebank, Durban. 


Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E., 
P.O. Box 1692, Cape Town. 


Reviews 


with the subject—the author pointing out that “ The 
design of any structure cannot be efficient unless the 
connexion between the individual members is designed 
with the same care as the members themselves,” and 
the concluding chapter covers structural connections in 
steel, reinforced concrete and timber. 

Many of the numerical examples are based on the 
final examination papers set by this Institution, and 
candidates for this examination will find these numerous 
and varied in type. 

The author is once more to be congratulated on the 
general layout and on the clarity and simplicity of the 
diagrams and illustrations, and students and practising 
engineers alike will welcome this second volume as 
warmly as they did the first. 

D&T) 


An Introduction to Experimental Stress 
Analysis, by G. H. Lee. (London : Chapman & Hall,; 
New York, Wiley.) 319 pp., gin. x 6in. 44s. 

For many of the problems confronting the structural 
engineer to-day the classical methods of analysis have 
been found inadequate, and the experimental deter- 
mination of stresses is being used to an increasing extent 
in the solution of such problems. The present book by 
G. H. Lee is a concise and useful collection of the funda- 
mentals of the experimental approach. The book deals 
with the essential mathematical relationships required 
in the analysis of strain and describes a variety of 
ways in which strain may be measured. 

The methods described for the analysis of strain 
gauge rosettes are cumbersome, and the author is 
apparently unfamiliar with the methods developed in 
this country. 

The electric strain gauge is, not unnaturally, given 
a great deal of attention. Techniques for both static 
and dynamic tests are described. The problem of zero 
drift of electric resistance gauges is not discussed, 
although from the point of view of the structural 
engineer this is one of their chief drawbacks. 

The photoelastic approach is adequately described 
and a separate chapter is devoted to the Brittle Lacquer 
method. The mechanical strain gauges described are 
almost exclusively American, and not in common use 
in this country. It is unfortunate that only one brief 
paragraph is given on the acoustic gauge, although 
gauges of this type have been largely used for structural 
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research in this country, particularly by the Building 
BD scarch Station, and earlier by the Steel Structures 
Research Committee. 

_ The book is set clearly and is. well illustrated. It 
should form a useful source of reference for workers 
engaged in Experimental Stress Analysis. 

Be 
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_ Molesworth’s Handbook of Engineering Formule 
and Data. (London : E. & F. N. Spon, 1951.) 1,686 pp., 
64 in. X 4 in. goo illustrations, numerous tables. 
32s. 6d. 

_ In the 34th edition of this well-known and useful 
book, the text has been completely re-written and 
substantially enlarged to bring it entirely up-to-date, 
and it has been re-illustrated. All the fundamental 


data included in the earlier editions is, however, retained. ° 


_ The book is divided under four headings : General, 
Civil and General Engineering, Mechanical Engineering 
and Electrical Engineering. Some of the sections 
included under Civil and General Engineering are the 
following :—Structures and Bridges, Welding, Concrete 
and Reinforced Concrete, Piles, Breakwaters and Marine 
Works, Soil Mechanics arid Earthworks, and Building 
Construction. 


Moving Forms, by L. E. Hunter. (London: 
Concrete Publications, 1951. 56 pp., 9 in. x 16 in. 
7s. 6d.) 
_ The author makes a very interesting and useful 
fontribution to a form of construction about which very 
little is written in British text-books. 
_ For those with knowledge and experience of the 
ork, this book provides a check on innumerable 
etails. To those with no previous experience about to 
mbark upon a construction operation of this type, the 
ook is very informative. 
_ The many excellent photographs add considerably to 
the usefulness and interest of this publication but I 
ink the line diagrams might have been a little more in 
keeping with the text and photographs. 

The author only deals very briefly with the work of 
smantling the roof shuttering and the wall forms. 
his part of the work is quite a major operation and 
me enlargement on this subject would have been an 
BCC. 

There is of course no substitute for the excitement and 
anxiety of carrying out a sliding form contract, particu- 
larly where large numbers of jacks are involved. 

The Appendix covering the hints and reminders is a 
ery useful addition indeed and however much anyone 


e advantageous just to read through this Appendix 
efore commencing work. 

I notice in the chapter dealing with shutters travelling 
orizontally that the author appears to have some 
unorthodox ideas on this type of work. 


Geib. is 


Modern Bridge Construction : “ Treatise setting 
rth the Elements of Bridge Design and Illustrating 
odern Methods of Construction,’ by F. Johnstone 
lor. Second edition, revised and _ enlarged. 
mdon : Technical Press, 1951.) 331 pp., 83 in. x 
n., illustrated. 30s. 

This book of 330 pages provides interesting and 
structive reading on the principles of Bridge Engineer- 
ig, and describes design and construction of bridges in 
asonry, steel and reinforced concrete, and includes 
Wing and bascule types both superstructure and 
undations. It omits reference to such modern 


ay think they know about sliding form jobs, it would | 
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materials as prestressed concrete and lightweight alloys. 

In accordance with the preface to the first edition of 
1930, which is republished in this second edition, the 
aim is to deal with the subject in a clear and concise 
manner so as to serve the needs of the average civil 
engineer and provide a grounding in the subject for 
engineering students. This aim, it may be stated, has 
been carried out with considerable success and the value 
of the work is enhancéd by the many references to 
published accounts of the structures described, thus 
rendering further study feasible. 

The writer of this review however, would not be 
completely in agreement with some of the statements 
made, such as :— 

p- 9— Safe intensity of stress, which should not be 
exceeded, 3 tons per square foot for good 
concrete. 

p- 13— Grosvenor Bridge at Chester, appears to be a 
“ segmental ’’ arch of 200 ft. span, not “‘ semi- 
circular,” as stated in both the 1930 and 
Ig51 editions. 

p- 193—Old Waterloo Bridge is alluded to as an “ ill- 
fated structure.’’ As the old bridge stood 
successfully for over a century, in spite of the 
varying conditions of the river-bed caused 
by the removal of Old London Bridge subse- 
quent to its construction, it would appear to 
the reviewer to have served its purpose 
admirably. 

p. 255—There is some want of clarity in the relative 
constructional depths in reinforced concrete 
bridges of simple spans as compared with 
framed spans where the former is described 
as 1/50 of span and the latter as 1/35 to 1/25. 

p. 267—The subject of joint filling in “ plastic’ and 
“elastic ’’’ cements requires some further 
amplification. 

p. 287—Under “Recent Developments,” it is 
suggested that reinforced concrete bridge- 
work had reached a final stage of develop- 
ment—it would appear to the reviewer that, 
with the adaptation of “ prestressed ’’ con- 
crete, the design of all ordinary type bridges 
is likely to undergo a radical change. 

p 288—The reviewer would question the statement 
which classifies the new Waterloo Bridge as 
being of the arch type like those at Chiswick 
and Hampton Court. 

p. 289—In a 1951 book a statement is made that 
Traneberg Bridge at Stockholm of 563 ft. 
span, is believed at the present to be the 
longest span concrete arch yet constructed. 

p. 291—The references to the uses of aluminous 
cements would require further amplification, 
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Concrete Block Construction for Home and 
Farm, by J. R. Dalzell and G. Townsend. (Chicago : 
American Technical Soc., 1951 ; London: Technical 
Press. 216 pp., 84 in. X 541n. 22s.) 

It is stated in the preface that the authors are con- 
vinced that almost anyone can build a structure from 
concrete blocks and there is no doubt that many with no 
previous knowledge or experience will be able to find in 
this book many of the essentials of building construction 
with particular reference to the use of hollow concrete 
blocks and much guidance on practical points of con- 
struction which are so important to the novice. The 
book will be of value to farmers, landowners, handy- 
men and all others who wish to construct a small building 
such as a house, a barn or cowhouse, with the direct 
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employment of labour and who do not wish to call upon 
the services of an architect or builder. 

There are good chapters on the basic materials and on 
the characteristics and mixing of concrete. In general, 
the essentials of sound construction and proper use of 
materials are well brought out, although it may be 
mentioned that the importance of level filling of gauge 
boxes is not emphasised and indeed the photograph 
showing a box about to be emptied indicates aggregate 
piled up in the box and not struck off to a level surface. 
Nor is any guidance given as to a means of measuring 
bulking of sand, although this can be done with a very 
simple test and is to be preferred in the reviewer’s 
opinion to the suggested tests for the feel of sand having 
various degrees of moisture content. 

The chapter on formwork is very thorough and the 
illustrations are very clearly drawn and easily followed, 
but it must be said that the formwork shown in these 
illustrations is a very superior article and it is doubted 
whether the amateur builder or even professional builder 
for that matter, would be prepared to produce such 
high-class formwork for foundations and other parts of a 
small structure in this country. 

The theory and design of footings is dealt with at 
some length and there is much useful information here, 
but three points of criticism may be made as follows : 


The settlement of structures on clay is attributed to 
failure of the soil to support the moisture load and it is 
suggested that by using a footing of suitable width all 
settlement can be eliminated, whereas in fact some 
settlement is bound to occur however adequate the 
footings. Also, the depth of penetration of frost is made 
one of the principal criteria of depth of footings below 
the surface of the ground, and no mention is made of the 
importance of going below the level of seasonal variations 
in moisture content of the soil which in general is much 
more important in this country than the question of 
frost penetration, more particularly in the case of light 
structures such as those under consideration. <A point of 
detail which is a little puzzling is the provision of a 
small V-shaped key between footings and foundation 
and which appears to be so small as to be of little value 
and hardly worthy of the trouble of forming it. Another 
point not mentioned in dealing with foundations is the 
importance of preparing the surface of the soil im- 
mediately before depositing the concrete for the footings, 
indeed, in the section on cold weather concreting, it is 
suggested that frozen ground should be thawed out by 
fires built over it. If concrete were then deposited 
there is considerable risk of settlement due to the 
disintegration of the surface of the soil by successive 
freezing and rapid thawing with the liberation of 
moisture. 

It is further noted that the effect of freezing of concrete 
is explained as a cessation of reaction between cement 
and mixing water, and it is suggested that if the newly- 
placed concrete becomes frozen it should be thawed 
out slowly. There is, however, a grave risk that the 
freezing of concrete may not only stop setting and 
hardening but cause disintegration of the material and, 
more seriously, the unseen internal disruption so that 
it will never attain anything approaching its normal 
strength, and it is felt that the reader should be warned 
against the acceptance of any such concrete without 
proper examination. 

Those who expect to find a book devoted entirely to 
concrete block construction will be disappointed since 
only one-third of the book deals specifically with concrete 
blocks and the various details of their use. 

The use of semi-dry mixes in the manufacture of 
concrete blocks does not appear to be dealt with at all 
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adequately, neither is the technique of machinery mad 
concrete blocks described. 

It may also be pointed out that the book is a 
American publication, and relates more particularly t 
American practice and standards of block manufactur 
and construction. 
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Design of Sheet Pile Walls (Berechnung mehrfacl 
gestutzter Spundwande), by E. Lackner. (W. Ernst 
Berlin, 1950.) 64 pp. + xiill. DM. 6. . 

After a brief summary of current methods of designin; 
sheet pile walls, the author outlines an analytical an 
graphic procedure for walls with free and fixed eartl 
support ; both contillor and anchored walls with support 
at two levels are considered. The method used is bases 
on the customary analogue of a continuous beam witl 
flexible supports ; the loading on this beam is given br 
the active earth pressure (behind the wall) derived fron 
Coulomb’s method, which is also used to estimate th 
passive pressure (in front of the wall). 

Recent observations on model walls have shown tha 
the passive pressure is not fully unobserved except i 
special cases and that Coulomb’s method gives therefor 
results on the unsafe side. Since for normal penetra 
tions of sheet pile walls, the resulting error is considet 
able, more advanced methods of calculation have to b 
used. 
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Progress in Metal Physics 2. Edited by Bruc 
Chalmers. (London : Butterworths’ Scientific Publica 
tions, 1950.) Pp. vii, plus 213, 10 in. x 6 in., illus. 455 

This is the second of an annual series of volumes th 
purpose of which is to present authoritative reviews ¢ 
the present state of knowledge in specialised aspect 
of metallurgy and metal physics, and particularh 
covering work in which significant progress has bee 
made. 

The present volume contains chapters on orde1 
disorder changes in alloys, rate processes in physic 
metallurgy, anisotropy in metals, developments ti 
magnesium alloys, and a symposium on polygonisatior 
Each section contains a comprehensive bibliography. 

The book is clearly printed, well produced an 
illustrated. 


Estimating for Building and Civil Engineerin: 
Works, by Spence Geddes. (London : George Newnes 
IQ51.) 472 pp., 92 in. X 7#in. 63s. 

This is a comprehensive book on estimating an 
tendering for building and civil engineering works ¢ 
construction. 

In the first part, the different methods of tenderin 
and of compiling estimates are given, including th 
“ Bill of Quantities,’ “‘ Schedule of Rates’ and ‘ Cos 
Plus ”’ forms of tender. 

From the detailed data given it is possible to estimat 
the cost of work carried out by modern methods 
construction using the latest types and sizes of moder 
plant, and also for work carried out by hand. 

The various trade sections, numbering eighteer 
devoted to detailed information required for estimating 
administration and balance of labour for individus 
trades employed on the site, are given in alphabetics 
order for easy reference. 

Two sections covering weight of materials and useft 
tables complete this valuable book of reference for civ 
engineers, surveyors, building and civil engineerin 
contractors. 
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An Investigation of the Behaviour of a 
| Riveted Plate Girder under Load* 


By S. Mackey, M.E., Ph.D., A.M.LC.E., A.M.I.Struct.E. 


| and D. M. Brotton, B.Sc., Ph.D. (Graduate) 5 


? 


| Introduction 


In an earlier paper! the authors described tests which 
hey had carried out on a welded mild-steel plate girder, 
he overall dimensions of which were 20 ft. 9 in. long by 
pit. I4 in. deep. This was a quarter-scale model of 
2 ft. deep crane runway girders for the new Margam 
steel plant at South Wales, and formed part of an 
nvestigation into the stress distribution in mild steel 
fate girders involving three further girders of similar 
ize which have since been tested ; two of welded and 
me of riveted constructions ; 
Since riveting is widely employed in the fabrication of 
tructural steelwork it is felt that a description of the 
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viour of the riveted test girder under load will be of 
est to structural engineers. The riveted girder was 
ed primarily to obtain information on web and 
ener stresses ; hence direct comparison with the 
el Margam girder in many respects is difficult, but 
re any differences or similarities in the behaviour 
he two occur they will be discussed in the present 


Design and Details of Test Girder 


mformation was desired on web panels subjected to 
g stresses, shear stresses and a combination of 
and thus, a “‘ two-point ’’ loading system was 
ed, equal loads being applied at the third points 
span. 

girder was of normal riveted construction as 
in Fig. 1. As critical conditions were desired 
‘ily in the web panels, the web plate was made 
in. thick, which was considered a practical mini- 


to be vead before the Institution of Structural Engineers at 
evr Belgrave Street, London, S.W.1, on Thursday, April 
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mum. To prevent flange yielding causing premature 
failure, the flanges were designed to carry a load approxi- 
mately Io per cent. in excess of the load estimated to 
cause the web plate to yield in shear. 

Five complete sets of intermediate stiffeners were 
provided loose, to be bolted to the girder as required. 
All these, which varied from 44 in. x 3 in. x 4in. angles 
to 3 im. X 3 in. x # in. angles, were joggled over the 
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vertical legs of the flange angles and fitted. Ordinary 
black bolts were used for their connection to the web. 


General Description of Tests 


As in the case of the earlier girder, the tests were 
carried out in the test house at Messrs. Dorman Long 
and Co., Ltd., Britannia Works, Middlesbrough, using 
the 1,250 ton horizontal type Avery testing machine. 
A-description of the testing machine, together with the 
method of application of load and general testing pro- 
cedure is given in the previous paper’. 

The riveted girder was received from the fabricating 
shops with the flange angles and flange plates riveted up 
completely, except for the open holes left in the vertical 
legs of the flange angles for fixing the intermediate 
stiffeners. The end and load-bearing stiffeners were 
completely riveted up. 

The tests were divided into five sections, each apper- 
taining to one particular set of intermediate stiffeners. 
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For ease of reference, numbers have been applied to the 
various sizes of intermediate stiffeners as follows :— 
Stiffeners (1 = in. in. X 4 in. angles 
x (2)—4 in. in. X 2 In. * 
(3)—4 in. In. Xt, 5pkO Atlas 
=, (4)—3 in. inex. 45) L0/Ginaes, 
“ ae in. in. X + in. a 
The disposition of the electric resistance strain gauges 
on the girder is shown in Fig. 2. Approximately 300 
active gauges were used in the test. 
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Properties of Material and Girder Cross-Section 


To determine the properties of the web and flange 
material, test pieces were cut from ‘short additional 
lengths of the same plates and tensile tests carried out 
on these. Mean results of two tests on each plate, 
together with the calculated properties of the girder 
cross-section are shown in Table 1. The value given in 
this table for the torsion constant J was obtained by 
relaxation methods as described elsewhere?. 


TABLE 1.—Properties of Material and Girder 
Cross-Section 


Gross cross-sectional area 


Modulus of Elasticity 
Modulus of Rigidity 


13,450 tons/sq. in 
5,170 tons/sq. in. 


Moments of Inertia Ixx = 81096 in.4 

Iyy = 316.4 in;* 

Section Moduli Zxx = 443.0 in? 
Ley = 527-10 

Radii of Gyration Yxx = 15.59 IM: 
; lVyy = 3.06 in. 

Torsion Constant = O44 to. 
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Yield stress—Web 21.50 tons/sq. in. 
Comp. FI. 17.62 tons/sq. i 
Tension FI. 16.95 tons/sq. 1 
Maximum stress— 
Web = 28.50 tons/sq. in. 
Comp. Fl. = 28.90 tons/sq. in. 
Tension FI. = 29.30 tons/sq. in. 


Girder Central Deflection 


The girder was tested as a simply-supported beam on 
a span of 20 ft. and deflection readings were taken at 
the centre of the span, and close to the end supports, for 
each set of stiffeners. Fig. 3 shows the graphs of 
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CENTRAL DEFLN FOR RNETEO G/ROER . 
Fig. 3 


theoretical bending and shear deflection. Super- 
imposed on the figure is the experimental deflection for 
the girder with stiffeners (2) fitted, together with the 
corrections necessary to allow for compression of the 
end supporting packings. 
Values of the theoretical deflections at 150 tons load are 

given below :— 

Theoretical bending deflection 

Theoretical shear deflection 

Theoretical total deflection 


0.315 in. 
0.120 in. 
0.435 in. 


tf 
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From these it can be seen that bending accounts for 
72.5 per cent. of the theoretical deflection, the remaining 
27.5 per cent. being due to shear. 

Table 2 shows values of the experimental central girder 
deflection obtained with the various sizes of intermediate 
stiffeners employed. These correspond to a total appliec 
load of 150 tons and are corrected to allow for com. 
pression of the end supports. The percentage difference 
of the experimental deflection from the corresponding 
theoretical value, shown in Table 2, is small in every 
case and may be due to experimental error. From the 
fact that in four out of the five cases examined the 
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experimental deflection is greater than the theoretica 
value, one might infer that the girder was not behaving 
completely as an integral unit. The differences howeve’ 
are insignificant as far as practical design is concerned. 


TABLE 2 
Intermediate | . 
Stiffeners ... wt (1) R2) ine ity (4) (5) 
Experimental j 
Deflection... s++ | 0-467 | 0.442 | 0.449 | 0.434 | 0.464 
% Difference from / 
theory aus .. | +7-4 |] +1.6] +3.2 | —o.2] 46.7 


Flange Stresses 


From readings of strain gauges placed around th 
flanges the stress distribution across the latter 


obtained. The different sets of intermediate stiffener 
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de do not materially affect the distribution and that shown 
in Fig. 4, which is drawn for the girder with stiffeners (5) 
tted, is typical of the results obtained in the other cases. 
e stress distribution across the compression flange is 
| Bialy uniform but in the tension flange a distinct 
reduction in the experimental bending stress occurs 
half-way across the top side of the girder flange as 
tested. This would appear to indicate a fault in the 
strain gauge placed at this point but additional groups 
of strain gauges placed around the flange close to the 
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section under consideration verify this local reduction 
instress. It may be noted that a similar but less marked 
reduction occurs on the lower half of the compression 
flange as tested. The general trend of the experimental 
results seems to indicate the presence of a small amount 
of lateral bending on the girder. If this is accepted and 
a mean linear distribution through the experimental 
points is taken then the effects of the stress variations 
is far less marked. 
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can be seen from Fig. 4, good agreement is obtained 
etween the theoretical extreme fibre bending stress 
ated on the gross moment of inertia and the mean 
the experimental results. 


Web Lateral Deflections 


Contours of initial web deflection and web deflection 
nder load were obtained for all stiffener groups. From 
se readings Table 3 has been constructed giving the 
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initial deflections and deflections under load of particular 
web panels supported at the edges by different inter- 
mediate stiffeners. Fig. 5 shows contours of web 
deflection for the girder with stiffeners (3) fitted, at a 
load of 150 tons. In panel WPr the figure shows the 
panel divided into two half-waves of approximately 
equal depth and opposite in direction. In most of the 


other shear panels where the deflections were sufficiently 
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large to adopt a characteristic shape, one large buckle 
occurred across the compression diagonal and two small 
buckles in diagonally opposite corners. Similar shapes 
of deflection contours were obtained with the other 
stiffener types. 

In all cases the buckles showed no tendency to spread 
from one panel to another for loads up to the theoretical 
critical values for the web panels in question. It is 
apparent therefore, that even the lightest intermediate 
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stiffeners used in the test were adequate to retrain the 
girder web. The effect of initial deflections on the shape 
of the deflection contours under load was not pronounced, 
although in cases where the former were large they did, 
however, decide the direction of the deflections under 
load. 


TABLE 3 
Initial | Deflection 
Type, Size Panel No. | Stiffeners | Deflection | at 150 tons 
in ins. in ins, 

Shear Panel WP 1 (1) | -+0-j041 —O.104 
20% X 30" (2) | —0.042 —0o.062 
(3) | —0o.046 | —0.051 

(4) —O.042 —0o.078 

(5) —o.046 —0O.103 

| WBE (1) “+0.047 | +0.084 

(2) +0.067 +0.129 

(3) +0.065 | +0.149 

(4) =£0.073 -+-0.040 

(5) +0.049 +0.102 

WP 3 (1) +0.081 +0.216 

(2) + 0.053 +0.195 

(3) +0.063 +0.211 

(4) +0.075 --0.209 

(5) +0.084 +0.248 

Shear Panel WPers (1) +0.035 —o.064 
20% X430% | (2) +0.037 | —0.069 
(3) +0.041 —o.038 

(4) +0.040 —o.049 

(5) +0.02 —0.052 

WP 9 (1) —0.035 —0.051 

(2) —O.032 “0.022 

(3) —o.030 | +0.020 

(4) +0.028 --O.O015 

(5) +0017 +0.026 

WP 10 (1) —o.016 | —0.023 

(2) +0.015 —o.018 

(3) + 0.022 —0.023 

(4) —0.019 | +0.043 

(5) —o.027 | —0O.04I1 

Wi ear (1) —0.029 | —O.0O15 

(2) —0.009 +0.019 

(3) | ——O.02I +0.004 

(4) | —o.022| +0.028 

(5) —0.025 | —O.OI14 

Bending Panel WP 4 (1) +0.046 | —0O.015 
205X730" (2) +0.038 | —0o.006 
(3) +0.062 —o.008 

(4) +0,041 —0O.007 

(5) + 0.053 | 0.005 

WP 5 (1) +0.024 | —0O.O1I 

(2) +0.031 —0.003 

(3) —o.044 | —0.032 

(4) —oO.039 —o.006 

(5) —O.017 +0.017 

WRG (1) +0.022 —o.O10 

(2) +0.042 0.013 

(3) +0.025 —0O.007 

(4) +0.044 | —0.007 

(5) +0.024 | —0O.017 

WP 7 (1) +0.005 | —0.023 

(2) —O.O15 —0O.020 

(3) —o.02I —o.028 

(4) —o.016 —o.046 

(5) +0.022 —0O.017 

| 


From Table 3 it can be seen that the initial deflections 
were usually a little higher in panels WPr to WP3 
than in panels WP8 to WPr1, which had-a shorter 
length. The largest initial deflections, however, were 
about 1/450th of the clear dimension between stiffeners. 
The differences in magnitude of the deflections caused 
by fitting different sets of stiffeners to the girder were 
irregular ; in cases where the configuration of the panel 
deflections remained almost unchanged, the initial 
deflections also remained vnchanged. No regular 
relation existed between depth of buckles under load 
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and rigidity of the intermediate stiffeners. Very little _ 
variation was noted in those web panels having large 
deflections, but where the web deflections were com- 
paratively small, considerable variation in the depth of | 
buckles occurred. 

In considering the deflections under load it was found — | 
that the values obtained were higher for panels WPI to 
WP3 than for the shear panels of shorter length. Gener-_ 
ally the ratio of deflection/clear panel length ranged 
from about 1/200 at a load corresponding to 1.3 times the 
Timoshenko buckling value, to about 1/1000 at 0.8 times 


‘the latter load. At the actual Timoshenko load thes 


ratio was approximately 1/350. 

Web deflections for bending panels were much crnallell | 
than for shear panels of the same size and were generally 
less than 1/1000 of the clear panel length at 0.9 times _ 
the Timoshenko buckling load. 


Web Stresses 

(a) SHEAR PANELS 
Distributions of: maximum and minimum principal — 
stress and shear stress were obtained for panel WP3. 
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These distributions, together with profiles of initial web | 
deflection and deflection under load are shown in 
Figs. 7 and 8 for the girder with stiffeners (1) and (5) 
respectively. Similar diagrams were obtained with theg | 
other sets of stiffeners in place. 

The positions of the points of inflexion on the welll 
deflection profiles under load agree with the location of | 
points of zero bending stress on the stress distribution _ 
curves. Although plate bending stresses at the toes of | 
the flange angles were quite large the web deflection - 
profile tends to justify the assumption of simply sup-— 
ported edge conditions for the web plate. Theoretical 
middle surface stresses calculated on this assumption 
agree fairly well with the experimental values. 


TABLE 4 
Intermediate p max, p min. q 
Stiffeners 
No. Top | Under} Top | Under| Top | Under 
(1) +22.20} +4.00}—8.50 | —28.8) +6.30/4+15.5 
(2) |-+19.50 oy hee —31.9) +6.10/4 15.5 
(3) +23.40| +3.30)+13.30| —30.2| +4.50|4+15.90) 
(4) +21.80) +5.20)/+10.20) —25.4| +5.10/+14. 10) 
(5) +23.30| +3.50;+12.70) —32.2 +e 
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Table 4 shows values of principal and shear stresses in 
panel WP3 for different intermediate stiffeners. All 
the stresses are plotted for a girder load of 150 tons, 
which is 1.3 times the Timoshenko buckling load. 
_ The magnitude of the values in this table indicates 
that yielding of the web material must have occurred, 
but Figs. 7 and 8 show that this has been only of a local 
_ character on one surface of the plate and that at no point 
of the web has the middle surface stress exceeded the 
yield value. 


(b) BENDING PANELS 
Diagrams of principal stress and web deflection in 
panel WP5 with stiffeners (1) and (5) are shown in 
Figs. 9 and 10 respectively. The largest bending stresses 
occurred near the compression flange where the buckles 
were deeper, and the agreement between points of zero 
bending stress and points of inflexion was quite reason- 
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able. As in the case of the shear panels, bending 
stresses occurred at the toes of the flange angles whereas 
simply-supported edge conditions were indicated by 
the web deflection profile. 

Table 5 gives values of principal stress in panel WP5 
at a point 6 in. from the toes of the flange angles. The 
Stress values given are for a girder load of 150 tons, 
which corresponds to 0.9 x the Timoshenko buckling 
load for the web panel. Buckling in the direction of the 
compressive principal stress was generally larger than 
in the direction of the tensile principal stress but the 
effect of intermediate stiffeners on the buckling or 
bending stresses was irregular and very small compared 
with their effect on shear panels. Agreement between 


the middle surface stresses and the theoretical stresses 


is quite good. 


TABLE 5 
p max p min, ‘ 
Stiffeners 

ry Top | Under Top Under 

2 
(1) 3130) |) —0.d0 29550 |= 4290 
(2) = 3.00 Ae: —8.00 —2 570 
(3) —2.30 —o.60 —=8..70 a 5.10 
(4) —2.50 See ° —9..59 —5-90 
—6.50 —oO.40 —g.70 —4.70 
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Shear Stress Distribution in Panel WPI 


“Shear pairs’’ of strain gauges in the end panel 
elded the shear stress distribution shown in Fig. 11.for 
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a girder load of 150 tons. The shear stress in the 
immediate vicinity of the end reaction was greater than 
the theoretical value and this increase extended beyond 
the flange angles into the web plate. The stress, 
however, soon began to fall and reached its theoretical 
value within approximately 6 in. from the toe of the 
flange angles. The stress continued to decrease and a 
region of reduced shear stress was centred at a point 
approximately 12 in. from the tension flange and 4 in. 
from the end stiffener. Beyond this point the stress 
increased, gradually approaching its theoretical value, 
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which was reached within 6.in. of the toes of the com- 
pression flange angles. In ‘the vertical legs of the 
compression flange angles the shear stress was only 
slightly below the theoretical value. 

Along the length of the girder, the shear stress assumed 
normal distribution at a distance of 20 in. approximately 
from the end support, which was just before the first 
intermediate stiffener S2 was reached. This marked the 
extremity of the zone of influence of radial stresses due 
to the concentrated load of the end reaction. 


Bearing Stiffeners 


The curve of axial load in the end stiffener shown in 
Fig. 11 was obtained from the shear stress distribution 
diagram of the same figure. The transmission of load 
to the web plate was almost uniform over the whole 
depth of the girder, and a difference between the 
theoretical and measured stiffener loads of 1.3 tons was 
probably due to experimental error. 

Fig. 12 shows the distribution of axial stress in the end 
stiffener angles and the vertical legs of the flange angles 
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at a girder load of 150 tons, giving an end reaction of 
75 tons. The stress distribution was very irregular, 
varying from a compressive stress concentration of over 
II.o tons per sq. in. near the heel of one angle to a small 
tensile stress in part of the outstanding leg of the 
diagonally opposite angle. 

By integrating the distribution diagram, a figure of 
35 tons was obtained for the load carried by the stiffener 
angles alone, which was equivalent to a mean stress of 
3.52 tons per sq. in. over the gross area of the angles. 
The obvious conclusion from this was that the remaining 
40 tons was transmitted directly to the web plate and 
flange angles. The high proportion of load transmitted 
to the web was probably due to the comparatively 
narrow bearing plate placed between the two inner rows 
of rivets through the flange plate and angles. Strain 
gauges placed at the centre and top of the stiffener angles 
indicated a more uniform distribution and gave values 
of 24.9 tons and 6.75 tons respectively for the axial loads 
in the angles. Thus load transfer from the angles along 
their length was fairly uniform, being low at first and 
then more rapid as the compression flange was 
approached. 


Strain gauges were also fixed to the stiffener packing 
plates at points 2 in. from the ends, near the tension 
flange. All these gauges indicated the presence of 
compressive stresses, but they were low, the values 
corresponding to a girder load of 150 tons being shown 
on Fig. 12. 

Figures somewhat similar to those for the end stiffeners 
were obtained for the loading stiffener S4. 


Intermediate Stiffeners 


The stresses in intermediate stiffener S3 corresponding 
to a girder load of 150 tons are given in Fig. 13 for the 
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heavy angles (I) and the light angles (5). This girder 
load was considered the highest which it was safe to 
repeat in view of the local yielding in panel WP3, 
mentioned earlier. In the 44 in. x 3 in. X $ in. angle 
stiffener S3 tensile stresses were recorded mainly at the 
top, under a girder load of 150 tons, and there was a 
marked increase in compressive stress as the tension 
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flange was approached. At no place, however, did the 
stiffener stress reach a high value. Almost all the gauges 
on the 3 in. X 3 in. X + in. angle stiffener S3 indicated 
compression, the highest recorded value obtained near 
the compression flange reaching a value of 3.4 tons per 
sq. In. Stresses were therefore higher in the lighter 
stiffeners, but up to 150 tons girder load, corresponding 
to 1.3 times the Timoshenko buckling load for the 
adjacent panel WP3, the stresses were still very low. 
' 
Crippling Run 4 
In view of the small stresses recorded in the inter- 
mediate stiffeners at the previous maximum girder load, 
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stiffeners (5) were retained on the girder for the final run 
of load. 


The load-central deflection curve for the girder during 
the crippling run is shown in Fig. 14. The deflection 
was proportional to the load up to the previously applied 
maximum of 150 tons. Thereafter, it increased at a 
more rapidly increasing rate until a load of 175 tons was 
reached, when it was noted that the deflection began to 
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increase slowly under constant load. At this stage the. 
dials were removed and no further deflection readings, 
were taken. : 


The group of strain gauges placed around the flanges 
indicated no yielding of the flange material up to the 
maximum load at which readings were possible. 

Fig. 15 shows graphs of middle surface values of 
principal and shear stresses in panel WP3 taken during 
the first run of load on the girder and also on the crippling 

4 


tun. In the first run of load the curve of P min. shows 
an increase in the rate of increase of stress after a girder 
‘load of 130 tons has been reached, indicating the presence 
of local surface yielding in the panel. If the middle 
)surface values of stress at 130 tons load are substituted 
jin the equation giving the conditions for yielding in a 
| two-dimensional state of stress the stress value obtained 
|agrees with the yield stress of the web material obtained 
)from normal tensile tests. The stresses indicated on 
| Fig. 15 must be considered as comparison stresses only. 


| Load-web deflection curves are shown in Ee er: 
during the crippling run. The deflection curve for 
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bending panel WP7 shows that even under an applied 
load of 180 tons, the web deflections were very small. 
The reversal of direction of web deflection in panels 
WPI, 2 and g was due to change in configuration of the 
deflection contours. Plate 1 shows panels WPI, 2 and 3 
after crippling and Plate 2 shows ‘“ Luder Lines” 
developed in panels WPg, ro and 11, during the crippling 
run due to the presence of a layer of ‘‘ mill scale’”’ on 
the girder. The lines in a longitudinal direction on 
the girder can be seen to have concentrated towards 
the bolt holes for the intermediate stiffeners. Orthogonal 
lines were just discernible in some regions with the light 
‘shining across them, but they cannot be seen in the 
photograph. The more pronounced effect of the longi- 
ee lines may be due to the fact that they occur in 
the direction of rolling of the web plate. 

Strain gauge readings on intermediate stiffener S3 
were taken during the crippling run. From these 
Teadings values of the axial load in the stiffener during 


the collapse of panel WP3 were obtained. Table 6 


shows the load and corresponding mean stress values 
for increasing girder load. 


TABLE 6 
150 | ROQMNNLOS || 270 | 075 | 180 
Load in Stiffener | 


| 
Stress in Stiffener | | | 
—0.50—0.72 +0.89 +0. 36 —I.05|—4.35 


| | 
| | 
| | 
ODS: ... es. —1.44—2.07 +2.57/-+1.04, —3.03)—I12.55 
( 


_ tons/sq. in. ... 


It is evident from the table that up to 160 tons girder 
load the compressive stress was extremely small. The 
1ean stress then became tension due to some local 
hange in the shape of the buckles in adjacent web 

els, but further increase of load again induced 
ompressive stresses which increased rapidly above 
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175 tons girder load. The mean stress, however, was 
still small at 180 tons, beyond which it was not possible 
to take strain readings. 

After a girder load of 180 tons had been reached, 
loading was slowly continued until the girder reached 
its ultimate carrying capacity of I99 tons. Plate 3 
shows the crippled girder after removal from the testing 
machine. The large permanent girder deflection and 
buckles in the web are clearly visible together with t he 
bending of the intermediate stiffeners. 


Torsion Test 


Torsion tests were carried out on the girder with 
each set of intermediate stiffeners attached. The values 
of the torsion constants in each case, together with the 
value obtained by relaxation methods, are shown in 
Table 7. 


TABLE 7 
Intermediate ; Torsion 

Stiffeners Angle Section Constant 

No. J ins.4 

(1) 2/49" X 3” x 3" 10.93 

(2) 2/4" x eit x u 10.76 

(3) 2] oath eS > ae ee 9.66 

(4) bi SIGE aM Bo 8s Slae 9.48 

(5) 2/3 A wanes cee 9.51 
Peet hae ese ee ss 

Torsion constant by Relaxation Method noe Q.14 


It was found that the torsion constant gradually 
reduced with reduction in the rigidity of the intermediate 
stiffeners, all values being slightly higher than the value 
of the constant obtained by relaxation methods. The 
difference between the mean experimental value and 
the theoretical value was approximately Io per cent. 


Discussion of Test Results 


(a) FLANGE STRESSES 


Although variation of bending stress across the girder 
flanges was considerable, comparison of the mean 


Plate 1 


experimental flange stress with the theoretical bending 
stress was quite satisfactory. The location of the 
flange gauges were fixed as far away as possible from 
the rivets to avoid stress concentrations, but in spite 
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of this stress “peaks ’’ were indicated. Since these 
“peak ” values did not coincide with rivet positions, and 
since the shape of the distribution diagrams was similar 
for each series of tests, it has been inferred that they 
were due to loading eccentricities caused by inherent 
lack of symmetry in the girder. 


(b) WEB LATERAL DEFLECTIONS 
(1) Shape of deflection contours :— 


In spite of the fact that idealised conditions were not 
fulfilled in the test, good agreement between the shape 
of the theoretical web deflection contours and those 


Plate 2 


obtained experimentally was obtained, particularly for 
the shear panels ; the shapes of the buckles in the 
bending panels were more irregular. It follows, there- 
fore, that the comparatively large initial web deflections 
have had little or no effect on the shape of the web 
deflection contours under load. Deflections in the 
majority of shear panels, irrespective of side ratio, 
comprised one large half-wave across the compression 
diagonal of the panel and two smaller half-waves in 
the reverse direction upward or downward, situated in 
the corners terminating the compression diagonal. As 
the maximum load was approached and the tension 
diagonal came into operation the main buckles were 
elongated and oriented if necessary to lie exactly along 
the tension diagonal. 


(2) Load-Lateral Deflection Curves 


Under ideal conditions the application of load produces 
no web deflections until the critical stress is reached, 
when deflections will be rapidly produced, giving rise 
to an “elastic stability phenomenon.” Thereafter, the 
increase of web deflection is slowed down by the action 
of induced membrane stresses arising from the “ anchor- 
ing effect’ at the plate edges which induce tension 
stresses in the plate. 


The load-lateral deflection curves obtained showed no 
elastic stability phenomenon. Since all the panels had 
fairly large initial deflections, deflections due to load 
were produced on first application of loading and 
increased continuously with the applied load until the 
web material yielded. Therafter, the deflections in- 
creased more rapidly, the area of yielding spreading 
until collapse of the panel occurred. A comparatively 
rapid change of web deflection was produced in panels 
WPr and 2 (Fig. 16), the “ kinks ”’ in the curves being 
brought about by a sudden change in the shape of the 
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web-deflection contours. Thus the occurrence of sudden 
collapse in practice due to elastic stability phenomena 
in plates is precluded to a large extent by imperfections 
in the plates obtainable for fabricating girders. Should 
eccentricities of loading exactly balance the initial out-of- 
straightness of the web plate a type of elastic stability 
phenomenon will occur, but this is not likely to happen 
very frequently. 
Deflections of shear panels were generally larger tha n 
deflections of bending panels at loads equal to the same 
proportion of the Timoshenko Buckling Load and for 
comparable values of initial deflections. Large initial 
deflections, however, usually caused larger deflections 
under load of otherwise similar web panels. The load= 
web deflection curves for all the web panels did not give 
a rectangular hyperbolic shape and consequently use of 
Southwell’s Method for estimating panel buckling load 
was impossible. 


Web Stresses ‘ 
(1) ““ MIDDLE SURFACE ”’ STRESSES > 


Agreement between mean or “middle surface” 
experimental stresses and theoretical stresses calculated 
on the assumption of linear distribution of bending 
stress and theoretical shear stress was generally quite 
satisfactory. Inno case was the formation of membrane 
stresses very obvious. Some of the results showed the 
experimental tensile principal stresses to be larger and 
the compressive principal stresses to be smaller than the 
theoretical values ; this may have resulted from the 
formation of membrane stresses but the effect was 
relatively unimportant. Experimental shear stresses. 
compared favourably with theoretical values. 

| 
(2) BENDING STRESSES . 
_ Se 


Bending stresses, caused almost entirely by web_ 
deflections, have been very high throughout the tested 


’ 
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Plate 3 


reaching on occasion five times the middle surface 
stresses at the same point. Maximum values of bending 
stress occurred at the crests or troughs of buckling waves” 
and high values also occurred at the edges, thereby 
justifying the assumption of partly restrained edge 
conditions when considering web stability. Evidence 
was also given that increased rigidity of edge supports 
generally reduced the bending stress, although the 
difference was not large. 

Although the ratio of plate bending stress to middle 
surface stress was high, the test results showed that at_ 
loads corresponding to the theoretical buckling loads for 
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web panels with simply supported edges, no sign of even 
surface yielding of the web plate material was apparent. 


Bearing Stiffeners 


_ The irregular distribution of stress across the bearing 
stiffeners was due to the practical difficulties involved 
in all built-up work. The summation of the axial load 
in the stiffener section and that in the adjacent web 
plate corresponded to the end reaction or concentrated 
load, and transmission of load from stiffener to web 
plate was almost uniform throughout the depth of the 
girder. Less than half of the concentrated load or end 
reaction found its way into the stiffener angles, due no 
doubt to the narrow bearing plates. However, it seems 
that the utilisation of stiffener angles and a proportion 
of web plate as specified in B.S.S. 449 (1949) errs on the 
conservative side when used in design calculations. It is 
difficult in view of the test conditions to give any 
quantitative conclusions applicable to general design, 
but subject to confirmation by further tests, a reduction 
of concentrated loads of say 25 per cent. in the. design 
of load-bearing stiffeners seems justifiable. 


r] 
Intermediate Stiffeners 


Axial stresses in all the intermediate stiffeners tested 
were very small at loads exceeding the theoretical 
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procedure involving the bending and torsional resistance 
of the stiffener section could probably effect economy 
in material and the desirability of further tests of limited 
scope along this line is indicated. 


Torsion Test 


The reduction in value of the experimental torsion 
constant with decrease in rigidity of the intermediate 
stiffeners towards the value obtained by “ relaxation 
methods ”’ is probably caused to some extent by the 
increased rigidity imparted to the web by the bolted 
legs of the stiffeners. These considerably increase the 
effective web thickness by varying amounts for short 
lengths which add up to more than 15 per cent. of the 
total girder length. 


Comparison of Riveted and Welded Girders 


As far as flange section is concerned there is little to 
choose between riveted construction and welded girders 
using flitch plates in the web. In both girders tested, 
the stress variations across the flange plates were very 
similar and were due to small eccentricities of loading. 
Although comparison of the web-lateral deflection curves 
is difficult, the results show that for web panels loaded 
below their elastic behaviour limit to the same proportion 


TABLE 8 


Theoretical 


B.S.S. 449 


ard . panel | Si | ; | Theoretical 
ae | are a | critical stress | critical load Design Shear Stress 
| : : 
G3 WP 3 Dra x (30" Tse 9.06 | 115 97.35 
B.S.S. 449 Elastic Ratio of Elastic Ultimate Ratio of Ultimate 
Girder Panel Size Design Behaviour Behaviour Limit of Tad Load to Theoretical 
Load Limit Theoretical Critical Load Critical Load 
G3 | IWiPE3 Se2td? x 30” 116 160 ee, 199 rae 
Be G3 | W8)| 188" “x 30” 148 160 ce o= — 


buckling loads for the web panels bounded by them. 
Some tension in the stiffeners indicated bending, but at 
working loads the bending stresses were very small. 


Crippling Run 

— Buckling of a critical web panel within the elastic 
limit was the primary cause of failure of the test girder. 
Table 8 has been constructed to show the theoretical 
critical stresses and critical loads, B.S.S. 449 design 
Stresses and design loads, together with the experimental 
elastic behaviour limit and ultimate load carrying 
‘capacity. 

Agreement between the theoretical crippling loads 
md the B.S.S. 449 design loads estimated on the assump- 
tion of uniform shear distribution down the web is quite 
close. Thus the present design method allows for a 
factor of safety on the Elastic Behaviour limit of web 
panels between 1.2 and 1.4. The factor of safety on 
the ultimate carrying capacity of the girder or of the 
particular panel itself is 1.7. 

_ Loads in the intermediate stiffeners although increasing 
Tapidly when yielding of adjacent web panels occurred, 
vere not large even during the crippling run. A Cesign 


of their Timoshenko buckling loads the ratio of web 
deflection to the length of the longer panel side for the 
riveted girder is approximately 15 per cent. greater 
than that for the welded girder. 

In view of the fact that the welded girder was tested 
under conditions different from those for which it was 
originally designed the model girder web was consider- 
ably over-stiffened. This is borne out by the high loads 
obtained in the riveted girder using a lighter web plate. 
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Discussion on Dr. P.. W. Abeles’ Paper* 


Errata 


The following amendments should be made in the 
paper as printed :— 

p. 259, col. 1, line 48. For “ two” read “ twelve.” 

p. 268, heading to Table II]. For “ Fig. 13” read 


ce Fig. Ow 
p. 268, col. 1, line 21. For the reference number “*””’ 
yeaa, ae.” 


p. 277, reference 12 should read ‘‘ Prestressed Concrete 
applied to the Construction of Railway~Bridges and 
other Works,” Railway Paper No. 44.’ 


On a motion from the Chair, a hearty vote of thanks 
was accorded the author for all the work he had done in 
preparing the paper, for having recorded his experi- 
ments and his results to the benefit of the profession, 
and for the interesting manner in which he had presented 
the paper. 

Dr. ABELES briefly expressed his appreciation. 


Mr. H. Kaytor (Associate-Member), asked for a 
little more information concerning the manner in which 
the fatigue tests were carried out at Liege, for he was 
interested to know the equivalent live load to give the 
variation of stress from 100 or 200 lb. per sq. in. in 
compression and 700 or 800 lb. per sq. in. in tension. 

With regard to composite construction, utilising 
the minimum prestress element, Mr. Kaylor asked for 
information as to the limiting size of the members from 
the point of view of economy. If we had a member 
without any propping, he said, it had to carry itself and 
the dead load of the superstructure. What about the 
downward deflection which might take place due to 
that ? Was it abnormal in Dr. Abeles’ experience, or 
how was it catered for? Was there a big upward 
camber to guard against it ? 


Mr. R. H. SQuirE (Member), pointing to a statement 
by the author, on page 260, that partial prestressing 
was much too complex a problem to be solved on an 
entirely fundamental basis, said he did not agree. In 
regard to Slab Si, he said he had made some check 
calculations ; to some extent they must be rough, 
because he had had to guess information where it was 
not fully given. The concrete in slabs S1, S2 and $3 
was of the same composition as that in the beams, and 
in his calculations Mr. Squire had taken 7,000 lb. per 
sq. in. as the cube strength. 

Calculating the failure load, Mr. Squire said he had 
arrived at a load on the jack of 28.6 tons, after allowing 
for the dead weight of the slab. On the basis of 8,000 lb. 
per sq. in. cube strength, the figure would have been 
nearly 32 tons, which agreed fairly el with the figures 
given in the paper. 


*Read before the Institution of Structural Engineers at 11, Upper 
Belgrave Street, London, S.W.1, on Wednesday, October 24th, 1951, 
at 6 p.m., Mr. Walter C. Andrews, O.B.E., M.I.C.E. (President), 
in the Chair. Published in THE STRUCTURAL ENGINEER, Vol. 


XXIX, No. 10, pp. 259-278. (October, 1951.) 


It was interesting perhaps to note that the calculation 
showed that the steel stress at failure on the lowest wire 
would be about 95 tons per sq. in., and for steel at 
100 tons per sq. in. one would certainly expect a concrete 
failure, which he believed had occurred. It was also 
interesting that the un-tensioned wires at failure would 
be taking a stress of about 170,000 Ib. per sq. in., and 
that the percentage of the total tension taken on the ond 
tensioned wires at failure was about 30. So that they 
were do:ng quite a lot of work. 

Asking for explanations on one or two matters, 
Mr. Squire said the dead weight of the construction — 
given in Figs. 2 and 5 was 2.6 tons. The actual dead 
weight of the slab, he believed, worked out at about 
4.34 tons. That was probably an adjustment, and he- 
believed he could guess what:it was, but he would leave 
it to Dr. Abeles to explain the discrepancy. 

At the bottom of page 264, in a reference to Slab $3 } 
it was stated that for a maximum mean tensile stress of 
100 tons per sq. in., and a maximum concrete stress of 
4,300 lb. per sq. in. obtained from prisms, the calculated — 
failure load amounted to 31.3 tons. On page 265, in a 
reference to Slab S4, it was stated that the failure load 
calculated for a mean steel strength of I00 tons per 
sq. in. and a concrete stress of 3,000 lb. per sq. in. 
amounted to 31.8 tons. Those figures seemed to him 
to be a little inconsistent. In both cases the same 
steel, of the same strength, was used, and the same 
quantity of concrete was used, but in the second case 
the concrete stress was lower, and Mr. Squire estimated — 
that the failure load in the second case would be much 
lower than in the first. Possibly, he suggested, there 
was a misprint. : 


in Prestressed Conctell 
3 ; 
| 


Mr. A. GOLDSTEIN (Graduate), who added his con- 
gratulations to Dr. Abeles on his paper, said that it 
seemed that in the paper a case had been made for 
partial prestressing, but Dr. Abeles had not given any 
idea as to the technical or economic limits of his pro- 
posals. | 

Referring to economic limitations, Mr. Goldstein | 
pointed to the difference between this country and the 
Continent in the balance between labour and material 
costs. On tke Continent, the indications were that 
materials were expensive, labour relatively cheap. In- 
this country, whilst nowadays everything was very 
expensive, the balance was somewhat the other way. 
The overall economics of the methods proposed by the 
author should therefore be investigated since a small 
saving in materials, be they steel or concrete, did not 
necessarily mean an economy when considered in 
conjunction with the labour required in the design, 
manufacture and erection of the proposed units. " 

In connection with technical limitations, he invited | 
Dr. Abeles’ views on the possibilities of using partial pre- 
stressing technique for post-tensioned construction. 

Considering, for example, a large span beam bridge, 
it would appear that design tension stresses of 6 
8oo per sq. inch would be permitted. However, in pos ost 
tensioned work crack control was exceedingly difficult ; y 
a shrinkage crack might well develop at or near | 
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critical section and this could have two results. If the 
tension face was the soffit, large cracks might occur 
which would not close and would produce higher 
compressive stresses at the remote surface. If the ten- 
sion face was the upper surface under no super load 
then a neutral axis shift and consequent increase of 
compressive stresses could well lead to instability and 
subsequent failure. 

He therefore doubted the wisdom of using those 
aigh tensile stresses for design loads in post-tensioned 
construction, and felt that Dr. Abeles’ views on the 
limitations of his proposals would be of great interest. 


Mr. M. B. Macrae illustrated some of the points 
mentioned in the paper by means of slides. 

Slide 1 showed a precast concrete parapet of the kind 
used during early stages of the type of bridges mentioned 
in the paper. It was not altogether an ideal solution, 
and, in addition, the Ministry of Town and Country 
Planning asked that the Railway Executive should 
reproduce the previously existing types of parapet as 
far as possible. Thus, following Dr. Abeles’ line of 
using a minimum amount of prestressed concrete, they 
had designed the “U” type of parapet beam. 

ede) 2 illustrated the “U’~ type of beam. The 
“ box ”’ was factory-made and filled with 7m situ concrete. 
This beam was comparatively cheap and capable of 
carrying a brick or masonry parapet. It was not 
necessary after erection to provide any shuttering on 
the outside of the beam. 

Slide 3 illustrated one of the completed bridges at 
Gorton. 

Shde 4 illustrated a possible development, applied to 
a water tank, which was being considered, involving 
high tensile wires, carried in grooves and subsequently 
srouted. He pointed out that the floor shown on the 
slide was cantilevered out from the main supports, and 
under conditions of full loading there would be no 
tensile stresses and no chance of cracking, which was a 
most desirable condition for water tanks. 

Slide 5 showed a platform awning in prestressed 
soncrete, a scheme which at the moment was in the 
draft stage. The cables and wires were carried round 
at one side, both ends being anchored at the other, it 
being possible to tension from one side only, on account 
of railway traffic. There was also shown an outline 
sketch of a platform roof, with columns at 65 ft. centres, 
the roof being a thin slab, carried on a beam about 
3 ft. max. depth, which was situated above the slab, 
thus providing a flat soffit to prevent shadows, when 
artificial lighting was in use. 


Mr. H. T. HorsFietp illustrated the design of a 
partially prestressed roof beam which was prepared 
recently in the Civil Engineer’s office of the Eastern 
Region of British Railways. 

_ The beam was required to span a distance of 64 ft. 7 in., 
across a running shed, with a cantilever extending 
37 ft. 6 in. over a repair bay, there being no support 
whatsoever to the beam at the repair bay end. 

_ The beam was of ‘“‘I”’ section. The ultimate resist- 
ance was calculated on the plastic stress distribution to 
ithstand the live bending moment with a load factor 
Sy and the dead load moment with a load factor of 


Thus, whatever cracks might or might not occur, 
he beam would carry the load required and would have 
large factor of safety. As the compression flange 
of constant cross-section, the depth was made 
proximately proportional to the ultimate bending 
nent. ; 

The working load caused tensile bending stresses in 
e upper flange over one support and in the lower flange 
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at midspan in the running shed. Prestress was provided 
to limit the actual tensile stresses occurring in the 
concrete to what was considered a reasonable amount, 
so that no cracking would occur under working load. 
It would have been possible to have provided one cable 
in the top flange and a separate one in the bottom, with 
four anchorages in all; but it was considered more 
economical to have the cable made continuous, being 
raised across the web from the bottom to the top flange. 
In view of the uncertainty regarding friction losses in 
cables at bends, the cable was kept as straight as prac- 
ticable. As the dead weight of the beam would counter- 
act part of the prestress as it was applied, a high pre- 
stressing force could be used without overstressing the 
concrete. A higher effective prestress meant, of course, 
that a smaller concrete cross-section was satisfactory. 

The beams were designed to be cast on the ground 
at the site and to be lifted at the two support points. 
Consequently, no special handling stresses had to be 
considered. The live working load represented snow, 
or men working on the roof. The full value of 20 Ib. 
per sq. ft. over the whole roof would occur only on very 
few occasions, and a tensile working stress of 650 lb. per 
sq. in. could safely be allowed in the concrete ; in that 
condition, no cracks should occur. 

Referring to the untensioned wires, Mr. Horstield 
said that when the tensile strength of the concrete was 
utilised in design, in partial prestressing, it was often 
found that only part of the wires, needed for the ultimate 
strength, had to be tensioned. In that particular case 
only three-quarters were to be tensioned. There was 
no need to make the untensioned wires continuous, and 
they were designed as two separate groups. They had 
no special anchorages, but were to be set in position and 
concreted in. 

In the normal simply supported beams; he continued, 
the maximum shear stresses occurred in the zones of 
minimum bending moment, and vice versa. In that 
particular roof beam, however, the maximum shear force 
and bending moment occurred at the same point. Thus, 
the principal tensile stresses at that section were investi- 
gated under ultimate loading conditions, with assumed 
distributions of bending and shear stresses. As pre- 
stressed concrete design was applied to continuous 
beams, it became increasingly urgent to investigate 
experimentally the effect of combined shear and bending 
stresses on ultimate strength. 

Finally, dealing with the shape of the beam, Mr. 
Horsfield said the upper surface was pitched at 4 deg. 
to suit the roof sheeting employed. The ends of the 
repair bay were closed by doors, and that section of the 
beam had to have a level soffit. The running shed had 
open ends, so that a curved soffit could be used, giving a 
suitably varying depth to the beam, as required for an 
economic design. A continuous brick wall between the 
repair bay and the running shed meant that from inside 
one would see either the flat soffits or the curved soffits. 
The appearance of the beam was said to be uncon- 
ventional ; but he asked what should a conventional pre- 
stressed beam look like. 


Dr. ABELES, replying to the discussion, said he was 
grateful to those who had criticised him, because without 
that criticism he would not have been able to progress. 
Criticism was most valuable ; either one was wrong, then 
the question had to be reconsidered and adjusted 
according to requirement ; or it was possible to give an 
ocular proof that one was correct. 

Replying to Mr. Kaylor, he said the limits of the 
bottom stress at Liége of +100 and —550 Ib. per sq. in. 
corresponded to those on the bridges under dead and 
live load respectively. Under dead load there was only 
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compression ; and it was always important to ensure 
this compression, so that any crack which might have 
developed would close up. After the first million 
repetitions of a loading corresponding to working load 
conditions carried out within a few days at four repeti- 
tions per second, the cracks closed up entirely on removal 
of the load, which was a most amazing feature. 

The second and third million repetitions were at much 


higher loading, the highest loading being imposed during . 


the third million repetitions. If, after the third million 
repetitions, the static loading had been 66 per cent. of an 
ordinary static failure load, he would have been very 
pleased. But the tests showed that it was approximately 
100 per cent. That gave an indication of the great 
success of the tests. 

The second question by Mr. Kaylor, concerning the 
limiting size of the members of the combined sections, 
was very difficult to answer. If the structure were 
designed as he recommended, with no tensile stress 
occurring under dead weight, it must be prestressed to 
such an extent that under ordinary load conditions the 
whole bottom flange was in compression. The deflec- 
tions (be it the upward camber before the additional 
concrete was placed or the downward deflection under 
load) were very small. Obviously, if one had a solution 
using props there were different questions to be investi- 
gated ; but the time available was too short for him to 
attempt to discuss them at the moment. 

Referring to Mr. Squire’s comments, he said the word 
‘complex ’’ in the sentence quoted from the paper in 
regard to partial prestressing did not relate to ultimate 
load conditions for which he had based his calculation on 
certain basic principles ; but he meant that when cracks 
had occurred in a system with tensioned and untensioned 
wires, the cracks closed up on a reduction of a load. 
The word “‘ complex ”’ related to the state of stress in a 
cracked section before the cracks closed. As Mr. Gold- 
stein had mentioned, when a crack occurred, there 
ought to be a shift in the neutral axis, but apparently 
this did not influeace the later behaviour. This question 
could be clarified only by tests. With regard to the 
ultimate load condition he referred to Fig. 2 in his paper. 
On the right part of the figure it was shown how the 
ultimate load was balanced. The bending moment for 
the self weight of approximately five tons corresponded 
to a smaller point load, as shown in the figure. 

Dealing with Mr. Goldstein’s reference to cracks in 
very large bridge structures before they were pre- 
stressed, he said Professor Magnel had mentioned the 
occurrence of such shrinking and settlement cracks. 
Obviously, if such cracks occurred, particularly on the 
upper side of a beam, it was a matter which must be 
well considered, and Mr. Goldstein’s remarks were quite 
important. In the special design which Mr. Horsfield 
had illustrated, the manufacture of the beams should 
be carried out in such a way that no settlement occurred 
such as might happen in very long bridges. Settlement 
in a bridge construction could be avoided or could be 
made less likely to occur if non-tensioned reinforcement 
was provided. In any case, the tests described had 
shown that, even if there were cracks, and even if they 
occurred a million times, they would be harmless. 
(The time being too short to allow him to reply to this 
point in more detail and to the question of economy, 
Dr. Abeles said he would deal with it in a written reply.) 


‘ 


Written Discussion 
Professor A, L. L. BAKER (Member of Council) writes : 
Dr. Abeles should be commended for his great persistence 
in developing partial prestressing, in spite of much 
criticism and disparagement. The significance of the 
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process, it would appear, can be clearly appreciated 
from a super position of the stress-strain curves of ¢} 
prestressed and non-prestressed steel. I should by 
pleased if Dr. Abeles would be kind enough to commen 
on this. 


Fig. 1 shows OAB the stress-strain curve of the pre 
stressed high tensile steel in a beam, and O’CD the non 
prestressed high tensile steel or O’CE, the non-prestressed 
mild steel. OO’ represents the pre-strain in the stee 
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Fig. 1 


and O’A the prestress, so that to the right of A at an 
stage of loading the strain in the non-prestressed steel 
has a value denoted by the intersection of the vertical 
ordinate passing through the corresponding strain value 
of the prestressed steel. Thus, when the prestressed 
steel develops ultimate strain value at B, the stress and 
strain in the non-prestressed high tensile steel is repre 
sented by the co-ordinates of F referred to the origin O' 
or in the case of mild steel by the point G. It is seer 
that it is only necessary for the steel to extend plastically 
a small amount before failure in order that the non 
prestressed steel may develop a stress very close to th 
ultimate value. Thus, the non-prestressed steel befor 
failure can very nearly develop its full strength. If it i 
required to restrict the strain to a value denoted by suc 
points as H and K in order to provide sufficient depth 0 
compression zone in a beam, the full strength of the non 
prestressed steel can still be very nearly developed. If: 
proportion of the steel representing about half the avai 
able total ultimate strength is prestressed, the pre 
compression force may be halved as compared with fu 
prestressing, thus allowing a reduction in the size of thy 
bottom flange. A factor of safety against cracking ij 
provided which is sufficient for many purposes sinc 
cracking will not occur until a compression force abow 
equal to half the ultimate total steel strength is developer 
by bending. The strain required to develop full stee 
strength is, however, greater than that required wher 
full prestressing is used, but in most cases this will no 
excessively reduce the total ultimate compressio! 
strength available in the concrete by raising the positior 
of the neutral axis. This possibility should be checke: 
when it is not quite obvious that adequate ultimat 
total concrete compressive strength is available. 

The pre-compression force can also be reduced by 
using a smaller value of prestress in the whole of t 
reinforcement. Partial prestressing has the advantag 
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ising part of the steel to oppose the pre-tension before 
7 load is applied. 


Mr. R. H. Sgurre writes : The ultimate load figure 
en in the discussion took no account of the four 2 in. 
m. M.S. bars. Corrected figures are as follows : For 
$2, and 53, with steel at 100 tons/sq. inch and 
uerete cube strength of 7,000 Ib./sq. inch, Mur = 
80,000 in. lb. and maximum deflection 6.35 in. For 
with the same steel strength and a concrete cube 
ength of 5,000 Ib. per sq. inch. Muit = 3,155,000 in. Ib. 
d maximum deflection 4.73 in. In both cases concrete 
lure would be expected : the accuracy of the results 
pends of course on the accuracy of the data used. 
The corresponding figures using rectangular distribu- 
n and steel at 100 tons/sq. inch are for S1, S2 and S3 
th concrete at 4,300 Ib./sq. in. Muit = 3,860,000 in. Ib., 
d for $4 with concrete at 3,000 Ib./sq. inch 3,620,000 
Ib. 
As the loading arrangement for Si and Sz differs from 
at for $3 and Sq, the jack loads are not directly 
mparable. The actual values for the ultimate 
yments reached appear to be :— 


S1—3,693,500 in. lb. 


S$2—3,755,000__,, 
$3—3,863,000_ _,, 
$4—3,428,000__,, 


The value reached in the case of S4 seems surprisingly 
zh in view of the concrete mix used for the added 
nerete, and the fact that the compression zone is 
ainly of this quality. 

The fact that Slab S2, with the two most efficiently 
aced wires already fractured, reached a slightly higher 
ad than Sr, seems to confirm that the concrete would 
il first in all cases, especially as the added concrete 
this case showed the highest prism strength. 

The author’s paper deals extensively with partially 
‘estressed construction, and it is certainly true that 
igh strength steel not prestressed, used as in these 
abs, will have a high degree of stress at failure ; but 
should be realised that both on account of the lack of 
‘estress and because of its position nearer to the 
sutral axis, it cannot in the example considered reach 
\€ same stress as that in the prestressed steel lower 
2wn, even at failure. 

‘The author’s figure of Ioz per cent. of the ultimate 
rength on 58 wires at the top of page 266, is based on 
rectangular ”’ stress distribution ; this method is only 
rough approximation and the result here is mis- 
ading. Another instance where this system is mis- 
ading is the author’s application to partially pre- 
tessed construction, as the same result (calculated) 
ould be obtained whether 10 wires or 60 were pre- 
ressed, which fairly obviously is incorrect. 

In the writer’s opinion a fundamental approach is 
ways preferable, and particularly so in this case of 
artial prestressing, as it gives a fairly accurate under- 
anding of conditions at all stages of loading, as well as 
me guidance on the probable deflection : for research 
ork it would seem to be essential. 

It is interesting to note that the German Draft Design 
pecification for Structural Members in Prestressed 
oncrete, published in 1950, does in fact propose a 
osely fundamental treatment. 


Written Reply by the Author 


Mr. Goldstein has put forward the question of economy 
nd mentioned that the cost of labour was of greater 
ence than that of material. This may be so with 
ictory-made precast concrete, as it is the case with pre- 
ioning. The price, ex works, depends mainly on the 
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concrete quantity, since in most cases depreciation of 
plant, overhead and profit are charged on the concrete 
quantity sold. 

With regard to post-tensioning, the cost of tensioned 
cables with two anchorages (including the provision of 
ducts, the supply, placing, tensioning and grouting of 
cables) may generally be taken as a + L (b + c) where 
“L”’ is the length of the cable, “a” a fixed sum and 
“b” and “‘c”’ the respective costs, per ft. run for steel 
and for labour, including grouting. For example, for 
36 post-tensioned wires 0.2 in. dia. in Freyssinet or 
Magnel-Blaton cables the value ‘‘a’’ may be taken as 
an amount between {10 10s. and {13 Ios. “h”’ as 
2s. 11d. (for steel at 80s. per cwt.), and “c’”’ as between 
3s. 7d. and 4s. 6d. per ft. If L = 100 ft. the entire cost 
would amount to between £43 and £50 11s. 8d. Assuming 
that with partial prestressing the tensioned wires are 
reduced to 24, then the cost of tensioned wires is 
obviously reduced to two-thirds, and a saving of approxi- 
mately 20 per cent. or more is possible, when a third 
of wire is placed non-tensioned in the concrete at casting 
over a length of, say, 2/3 L. 

With regard to Mr. Goldstein’s reference to cracking 
of the concrete before prestressing, the author would 
like to amplify his first reply by saying that in order to 
avoid shrinkage cracks in the tensile zone it would be 
possible to provide in very long beams thin separation 
joints, representing artificial cracks where the bending 
moment is smaller and where tensile stresses do not 
occur under working load. Another means would be 
to provide a facing of concrete under higher stresses by 
casting and prestressing in two stages, as shown by the 
author in the discussion to paper!2, 

The author is greatly obliged to Professor A. L. L. 
Baker for his support with regard to partial prestressing, 
clearly stating its advantages. Professor Baker’s Fig. 1 
is in close agreement with the author’s Fig. 13 in paper??. 

Mr. Squire emphasised twice the importance of a 
“fundamental ”’ approach, implying that the author’s 
approach was not fundamental. As the author men- 
tioned in the paper, his approach was not entirely 
fundamental, which would be a matter for a highly- 
trained physicist, capable of using new research on the 
internal structure of matter. A fundamental approach 
depends on determining the true roots or basis. When 
these roots are known a fundamental approach would 
commence from them. However, in a state of develop- 
ment the true roots are often not yet known and it is 
necessary to make certain assumptions. The validity 
of the fundamental approaches thus depends on the 
validity of the assumed bases. Unfortunately, the 
basic stress distribution in a cracked section with well- 
bonded steel reinforcement has not yet been experi- 
mentally established and it is necessary to make an 
assumption and to check its validity indirectly. Thus 
an approach which claims to be fundamental will become 
a fundamentally wrong approach, if it has been estab- 
lished indirectly by observations that the basic assump- 
tion must be incorrect. 

Mr. Squire’s criticism resembles that of Mr. Gifford, in 
a written contribution to Mr. King’s paper’. Mr. Gifford 
believes the assumption used by the author to take for 
under-reinforced beams with well bonded reinforcement 
“a rectangular compressive stress block and steel at its 
ultimate strength,” has been chosen only because it is 
the “‘ simplest ’’ solution and states “ihe fundamental 
error made is to assume the steel reaches its ultimate 
strength, which involves ignoring strains.” This point 
may also be behind Mr. Squire’s criticism of the author’s 
method, but it is based on a wrong assumption. It is 
very important to clarify this point. All the strain 
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measurements extending across the depth of the section 
show up to failure an approximate straight line strain dis- 
tribution over the section from which one could conclude, 
as Mr. Gifford did, that the ultimate strength in the steel 
could never be reached, since the strain is much too 
small. However, these strain measurements extend 
over several centimeters and represent the average of 
high strain in the crack itself and low strains where the 
steel is still bonded to the concrete. There are many 
instances where the steel fractured and consequently 
no doubt can exist that the ultimate strength was 
reached, while in other cases similar states of cracking 
and deformations were reached without steel fracture. 
In all instances, including the case of fractured steel 
reinforcement, the measured average strain at failure 
corresponds to a straight line strain distribution and is, 
in the plane of the tensile steel reinforcement, much 
below the value corresponding to the ultimate stress. 
It is not the average strain which matters but the strain 
in the crack itself. Although nobody has yet been 
able to measure the strain within a crack it can be 
concluded with certainty that in under-reinforced beams 
with well-bonded steel members the failure stress reached 
the ultimate strength or is very near this strength 
whatever the magnitude of the measured average strain. 
At the presentation of his paper!®, Dr. Hajnal-Konyi 
showed strain measurements which confirmed this. 
Although non-tensioned wires of a strength of 120 tons 
per sq. in. fractured, the average strain was very low 
and did not correspond to this stress. 


The author has based his approach on two funda- 
mental principles, i.e., (1) In under-reinforced beams 
with well-bonded wires the ultimate tensile resistance 
Tut equals At, tuit, or At.ty, where a distinct yield point 
stress ty occurs ; and (2) A straight line stress distribution 
of a homogeneous material can be considered as correct 
in a section with a closed crack. It has been observed 
that a crack closes completely on reduction of the load 
as soon as the theoretical tensile stresses reverse into 
compression owing to the effective prestress. The 
author has taken into account these two fundamental 
principles in the present paper, as he did in the two 
previous papers tand !°, and in the publications®, ? and 
23 However, he considered the question of the stresses 
in a section with open cracks as not yet clarified, since 
obviously a different stress distribution applies at that 
stage, before the normal straight line stress distribution 
is resumed on closing of the crack. Although under 
fatigue tests, such cracks closed after being opened a 
million times and are quite harmless, it would be very 
interesting to learn more about the stress distribution 
in a crack of a member with well-bonded wires. In this 
case the bond is destroyed only in the vicinity of the 
crack and the steel stress is quite different from that in 
ordinary concrete reinforced with steel where there is no 
bond over a large length of bar. 


The assumed rectangular stress distribution of the 
concrete is an approximation which is very simple and 
gives satisfactory results, but has nothing to do with 
the principle of approach considered in condition (1). 
In fact this condition was included in the “ First Report 
on Prestressed Concrete ”’ in clause 7 (b), page 11, where 
the Committee agreed on the following statement : 
“However, it is possible to calculate quite accurately 
the ultimate strength of under-reinforced beams with 
bonded wires as the tensile force in the steel at failure 
multiplied by the lever arm. With pre-tensioned wires, 
the maximum steel stress can normally be assumed as 
the ultimate tensile strength...’’ And further, it is stated: 
“The lever arm may be computed according to any 
known method, there being but little difference in the 
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result.”’ It has been recognised that the question of the 
approximation of the concrete stress distribution does 
not appreciably influence the result. 

Mr. Squire states that the author’s analysis with the 
same ultimate stress for the tensioned and untensioned 
wires Is ‘‘ fairly obviously incorrect ”’ and “* misleading ”’ ; 
he favourably compares the German Draft Design 
Specification 1950, proposing “‘a closely fundamental 
treatment ’’ with the author’s investigations. 

Firstly, with regard to the German Specification 1950, 
it may be stated that this relates to the first form of 
partial prestressing as suggested by Emperger®, where 
untensioned bars are used as employed for ordinary 
reinforced concrete. According to the German draft, 
the tensile bending stress under working load is limited 
to avoid the occurrence of cracks. The untensioned 
steel bars are to be designed for a cracked section based 
on limited permissible stresses corresponding to those in 
ordinary reinforced concrete not exceeding 28,400 lb. per 
sq. in. and double this value should not be exceeded at 
ultimate load. The use of high strength wires for the 
untensioned reinforcement has been developed only in thi 
country, and when comparing this with the use of ordinary 
bar reinforcement in Germany, the author cannot a 
stand why, according to Mr. Squire, the German propos 
is a ‘‘closely fundamental treatment”’ but not the type o: 
investigation indicated in Fig. 13 of paper!® and i 
Professor Baker’s Fig. 1. In fact, Professor Baker's 
diagram contains both solutions, a low strength and a 
high strength non-tensioned steel 

In particular, the following may be said in reply to 
Mr. ae remarks. It is true the four mild steel 
bars 2 in. dia. have been neglected as their influence a 
the ultimate resistance is significant. Mr. Squire had 
already stated in his verbal contribution that he woul 
certainly expect a concrete failure for the slabs tested, 
The author would like to refer to the “ First Report on 
Prestressed Concrete’ where, under 7 (b), pages 10 and 
11, this question has been clearly defined, representing 
a compromise view to which all agreed. “ Under- 
reinforced’ beams are considered as such beams in 
which failure occurs either owing to “ (1) fracture of 
steel,’’ or ‘‘ (2) excessive elongation of steel followed by 
crushing of concrete.” As indication for a safe (i.e, 
lower) limit for under-reinforced rectangular sections, : 
maximum bending moment of 0.225 b.d?.cu is given 
which would amount to 0.225 < 37 x 10.48% x 6000 
5,640,000 lb. in. for a cube strength of 6,000 Ib., oa 
sq. in. (corresponding to Slab S3) ; this is much more 
than the maximum bending moment of any slab S1—S# 
It can be stated that these slabs failed primarily in th 
steel, while crushing of the concrete followed afte 
excessive steel elongation. | 

It would appear that Mr. Squire came to the ere 
of a failure due to concrete combined with steel stress 
much below the strength on his fundamental approach 
by assuming a definite curve for the concrete stress 
distribution and a high cube strength as the maximum 
stress, resulting in a large lever arm and a reduced steel 
stress. Moreover, it would appear that Mr. Squire 
assumes a straight line triangular stress distributior 
for the steel at failure, while the two diagrams, Fig. Ig 
of paper and Fig. 1 of Professor Baker’s contribution 
clearly show this cannot be the case. 

The author is at a loss to understand Mr. Squire’: 
statement : “‘ The fact that slab S2 with the two mos’ 
efficiently placed wires already fractured, reached ¢ 
slightly higher load than S1, seems to confirm that the 
concrete would fail first in all cases.”” When viewing 
the load deflection diagrams of slab S2 which was shows 
at the lecture, one can observe that the load was no: 
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-educed when the jack reached its maximum extension 
yut was continued after underpacking of the jack. 
With the other slabs the load was reduced to zero and 
1 4th loading applied as seen in the Figs. 2 and 5 of the 
yaper. By avoiding a reduction of the load and a re- 
oading at a stage near to failure, it was possible to reach 
with slab S2 a higher failure load and a much greater 
leflection than with the other slabs. It may be men- 
‘ioned that previous to testing the slabs Sr and Sa, it 
was ascertained that the steel strength of the wires used 
n these slabs was less than the required strength 
specified, and the assumed value of 95 tons per sq. in. is 
‘ather on the high side. The ultimate tensile force of 
38 wires amounted for this strength to .387,600 Ib. 

The concrete strength obviously influences the lower 
ever arm of the internal forces. But for a definite 
soncrete strength there is “ but little difference in the 
‘esults,”’ ‘‘ for various known methods,” as stated in the 
“Report,’’ page II, mentioned before, and thus there 
should be little variation from the computed value of 
).63 in. for the prism strength of 6,150 lb. per sq. in. 
[he theoretical bending moment at failure is, thus 
387,000 X 9.63 = 3,733,000 Ib. in., while the actual 
yending moment amounts to 4 (35.5 — 2.7) X 2,240 
[02 = 3,747,000 lb. in., where 35.5 Engl. t.ns corresponds 
0 36.1 m. tons. This is 0.4 per cent. (not as stated in 
he paper, I per cent.) in excess of the theoretical value. 
[he four mild steel bars 3 in. dia. with a lever arm of 
;.5 in. between the two compressive and two tensile 
pars, are able to take up a maximum bending moment of 
2 X O:II X 35,000 X 5.5 = 42,000 Ib. in., assuming 
1 yield point stress of 35,000 lb. per sq. in. The maximum 
valculated bending moment thus amounts to 3,775,000 lb. 
n. which is 0.8 per cent. above the actual bending 
noment ; thus it can be stated that the two bending 
moments are approximately equal. The author would 
ike to draw Mr. Squire’s attention to the Figs. 2 and 5 
eferring to slabs S3 and Sr respectively. In slab S1 
he concrete prism strength was 5,950 lb. per sq. in., 
ind the steel strength 95 tons per sq. in., and the actual 
ailure moment amounted to 4 (34.9 — 2.7) X 2,240 X 
[02 = 3,678,000 Ib. in., while in slab S3 with the lower 
‘oncrete prism strength of 4,300 lb. per sq. in. but a 
ligher steel strength of 100 tons per sq. in. the actual 
ailure moment was } (30.8 — 2.6) 2240 X I02 = 
3,826,000 lb. in. These results are quite in agreement 
with the strength properties of the steel, but do not 
somply with Mr. Squire’s assumption that the concrete 
trength directly influences the failure resistance. 


Book 


Roads and Road Construction Year Book and 
Directory, 1950-51. (London : The Carriers Publishing 
o., Ltd., 1951.) 433 pp., 84 in. X 53 1n. 15s. 

In the recent edition of this useful Year Book all the 
lirectory information has been brought up to date, and 
1 new part has been included on suppliers of roadstone, 
n which the various firms concerned are listed alpha- 
etically in county order and details of the types of 
stone supplied are given. 
The existing sections in the part on the Review of 
Research have been rewritten and new sections on 
[Traffic and Road Layout and Accident Analysis have 
deen added. 


The Practical Engineer Pocket Book, 1951. 
Edited by N. P. W. Moore. (London : Pitman & Sons, 


951.) 744 pp., 34 in. x 54 in. 8s. 6d. 


87 


These test results, particularly with regard to S2, are 
further confirmation of the author’s basic condition (1), 
according to which the ultimate steel strength is reached, 
or approximated, in under-reinforced beams with well- 
bonded wires independently of whether all wires are 
tensioned or only a part. In this respect reference may 
be made to the author’s contribution*®® to the discussion 
of paper’? that even non-tensioned high strength wires 
fracture at failure. Further reference may be made to 
the tests at the Brixton School of Building! and #1. 


Mr. Squire states that the assumed rectangular stress 
distribution is a rough approximation. It is certainly 
an approximation but the results obtained show a very 
sa.i.factory agreement with actual values, as the author 
has ascertained when investigating many test results 
of prestressed and ordinary reinforced concrete. It is 
evident that a stress distribution of a. definite shape 
with a maximum stress equalling the cube strength 
cannot comply with concretes of different properties. 
In a concrete of very high strength the stress distribution 
at failure may approach a triangular stress distribution 
with a relatively high maximum stress and in a concrete 
of lower strength a rectangular distribution may be 
approached. The consequence is that any calculation 
based on a definite shape assuming that the cube 
strengih is reached is bound in most cases to lead to 
wrong results, while the approximation based on a 
maximum stress which may be between 0.6 and 0.8 of 
the cube strength in accordance with its plasticity is 
more suitable. 


The load referred to by Mr. Squire, of 31.8 tons, which 
was stated to be the calculated failure load of slab S4, 
was less than 33.9 tons which was given for slab S3 in 
Fig. 5 ; the actual corresponding loads on the jacks 
were 27 and 31.3 tons respectively. 


It appears from Mr. Squire’s contribution that the 
author’s paper was not clear enough in some points and 
thus Mr. Squire came to wrong conclusions, and he hopes 
that the preceding explanation will clarify the various 
points raised. 


29" A Fundamental Approach to Prestressed Concrete Design.”’ 
Discussion on Mr. J. W. H. King’s paper, THE STRUCTURAL 
ENGINEER, December, 1951. 


30 THE STRUCTURAL ENGINEER, January, 1952. 


31 The Ultimate Resistance of Prestressed Concrete Beams,” 
by P. W. Abeles, CONCRETE AND CONSTRUCTIONAL ENGINEER, 
October, 1951. 


Reviews 


In this sixty-third edition of the Practical Engineer 
Pocket Book, the type has been completely re-set and 
many of the illustrations re-drawn. 

The book, intended mainly for mechanical engineers, 
contains the following twenty-two sections :—General 
Information ; Pipes, beams, columns, springs, etc. ; 
Friction and power transmission ; Cranes and _ lifting 
tackle ; Pyrometry ; Metallurgy ; Steam ; Steam genera- 
tion ; the Steam Engine ; Locomotive practice ; Steam 
Turbines ; Air Compressors ; Air and Ventilation ; 
Hydraulics ; Machine Tools, Modern Lubrication ; 
Welding and Cutting ; Lighting for Workshops and 
Offices ; Unified Screw Threads. 

A list of technical journals is given, including a 
selected number of American journals, and short tech- 
nical dictionaries in German-English, French-English 
and Spanish-English complete the book. 


Ss t_a we —_. 
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Cold Formed Sections in Structural Practice 
with a Proposed Design Specification® 


Written Discussion on Paper by W. Shearer Smith, A.M.I.C.E., A.M.I.Struct.E. 


Written Discussion 


Professor GEORGE WINTER, of Cornell University, 
New York, writes : In April, 1946, the American Iron 
and Steel Institute published the first American Specifi- 
cation for the Design of Light Gauge Steel Structural 
Members, which is nationally recognised in the United 
States as the governing code for cold formed structural 
sections. During the five years of its existence hund eds 
of millions of square feet of light gauge steel roof deck, 
wall and floor panels, and many thousands of tons of 
cold formed steel framing have been erected to this 
specification. The research work which resulted in this 
code. has been carried out continuously since 1939 at 
Cornell University under the writer’s direction, and is 
still in progress. A second, greatly expanded edition 
of the specification is now in preparation. 

For this reason the writer was greatly interested in 
Mr. W. Shearer Smith’s paper, “‘ Cold Formed Sections 
in Structural Practice with a Proposed Design Specifica- 
tion,” in the June, 1951, issue of THE STRUCTURAL 
ENGINEER. He noticed with some regret that except 
for one rather minor point (provison 4 (c), the Glasgow 
investigators apparently did not make any use of the 
American Specification and the Cornell University research 
work that led toit. The detailed results of this research 
have been made available to the profession in numerous 
publications, about half of which are included in Mr. 
Smith’s list of references, even though all except one 
are not referred to in the paper proper. A detailed 
Correlation of Cornell University Research Investigation 
and Specification for the Design of Light Gauge Struc- 
tural Steel Members, 2nd ed., 1950, is available on 
request from the American Iron and Steel Institute. 
The Cornell investigators, in turn, would have been 
glad to profit from the results of their colleagues in 
Glasgow, had these results been accessible in available 
publications. 

This is not the place to indicate in detail the numerous 
differences between these two specifications. Only two 
will be mentioned since they are believed to be funda- 
mental. 

Mr. Smith suggests the use of the same factor of 
safety for thin-walled cold formed sections as is used 
for hot rolled shapes in B.S. 449. In contrast, the 
American Specification uses a factor 12 per cent. larger 
than in the corresponding code for hot rolled steel 
construction (A.I.S.C.). Factors of safety are supposed 
to account for degrees of uncertainty inherent in designs. 
The percentages of dimensional tolerances, particularly 
with regard to thickness, are considerably larger in 
sheet and strip steel than in hot rolled sections. Material 
rolled within the prescribed tolerances cannot be rejected 
by the purchaser even though its thickness may be below 
the nominal value within the permissible limits. The 
consequent strength deficiency must therefore be 


*The MacLachlan Lecture, 1950, given before the Institution of 
Structural Engineers, at 11, Upper Belgrave Street, London, S.W.1, 
on March ist, 1951. Published in THE STRUCTURAL ENGINEER, 
Vol. XXIX, No. 6, pp. 165-178 (June, 1951), and No. 7, p. 209 
(July, 1951). 


reflected in lower permissible design stresses or, in other 
words, in a larger factor of safety. In addition, the 
more limited experience with this type of construction 
as compared with customary steel structures (at least 
in 1946, when the American Specifications were issued), 
also suggested a more cautious approach to this question. 

In his suggested stresses for stiffened flat elements 
(Table 4, etc.), Mr. Smith takes no account of the post- 
buckling strength of flat, stiffened compression plates, 
but bases his values exclusively on the results of the 
small deflection theory of plate buckling. This approach, 
which leads to a great loss of usable strength, has been 
abandoned in aircraft design about two decades ago. 
In such design, as well asin the American specifications, 
this post-buckling strength is used fully by means of the 
effective width method. It has its main effect for higher 
b/t-ratios, say above 60 to 80. For instance, for b/t = 
216, Mr. Smith’s Table 4 gives a permissible stress of 
0.43 tons/sq. in. The actual usable strength, main- 
taining Mr. Smith’s safety factors, is more than five 
times as large. For Mr. Smith’s sections, with their 
comparatively small b/t-ratios, this factor is of relatively 
small though still significant influence. However, 
development in the United States has shown the main 
field of application for cold formed sections to lie not so 
much in structural shapes of the more common type 
(channels, angles, etc.), but rather in decks and panels 
for floors, roofs and walls. In such members, b/t-ratios 
are very large, up to 500 in some cases. Had Mr. Smith’s 
values been adopted in the American specifications this 
largest field of cold formed section application could 
not have developed at all. 

It is realised that for economic and other local reasons, 
specifications and codes in various countries often 
differ considerably, even though they deal with the same 
engineering fields. Yet, international co-operation is. 
often profitable. In recent years American engineers 
have learned a great deal about prestressed concrete 
from the much more advanced work of their European 
colleagues. With all due modesty, may one suggest 
that the British engineers may save some effort and gain 
some worthwhile information with regard to cold formed 
steel construction by availing themselves of accumulated 
practical and research experience in the United States. 


Dr. A. H. CHILVER writes : The writer’s comments 
are confined to the author’s technique of strut design 
and some of the matters treated by the author under 
that general heading. So far as thin-walled struts are 
concerned the basis of the author’s design technique 
is the equality of the strengths of a strut, corresponding 
to the various possible modes of failure. The concept 
of equal strengths was put forward by Moir and Kenedi 
in 1948", in relation to the design of thin-walled columns. 
The conclusion drawn by Moir and Kenedi was that 
the simultaneous collapse of a column and its plate 
components corresponds to the maximum strength of 
that column. Moreover, it was suggested by Moir and 
Kenedi—and in this respect the author concurs—that 
efficient and economic design is in general achieved only 
in the equality of column and plate strengths. 


The writer’s impression is that equal column and 

plate strength may not in general lead to the most 
ficient design of struts. In the few examples of strut 
sign discussed by the author, in an Appendix to his 
per, it is difficult to assess the relevant efficiency 
ctors. Strut design is essentially the problem of 
ding a suitable member of a given length to support 
given load. Another quite distinct problem is that 
of finding the maximum safe load which a given strut 
ay support. But more frequently, as in roof trusses, 
e former problem is encountered. With this particular 
pect in mind, it is interesting to consider a framework 
which an isolated strut member is to be designed ; the 
ut is pinned at each end, and is to support, say, a 
load of three tons over a length of 60 inches. The 
component may be stanchion or column. What is the 
nost efficient steel section to employ under these con- 
ditions ? Assuming that a cold-formed strut is to be 
ed, the author would advocate a design on the basis 
f equal column and plate strength. Many types of 
sections are available ; suppose, however, that only 
plain channel struts are considered. 
_ An analysis shows that there are at least three distinct 
plain channel sections each supporting three tons over 
_a length of 60 inches, if design is based on equal column 
and plate strength. The dimensions of these sections 
are tabulated below. A comparison of the three sections 
shows complete inefficiency in two of them ; there are, 
of course, more solutions available in other types of 
single and composite sections. The example shows, 
however, that design on the basis of equal column and 
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plate strength may not provide a unique efficiency 
tion. In the absence of increased plate strength, 
1 column and plate strength of a section serves only 
indicate the maximum length at which a strut may 
sed at its maximum load. This, however, is not the 
primary factor in efficient design, in which the concern 
with the most efficient section to support a given 
loading under given working conditions. In this latter 
column and plate strength may not necessarily give the 
most efficient strut. 

‘The author points out that when there is no tendency 
0 overall collapse of a strut then the plate components 
appear to receive increased support along their edges, 
hereby increasing the values of the critical stresses. 
t there may be an increased plate component 
trength is of great practical importance since it may be 
Jossible to increase the working stresses of certain 
ions, and consequently bring about their more 
ficient use. In Fig. 4, the author has indicated the 
wereased permissible stresses for the plate components 
then the slenderness ratios are not greater than about 
5 and when there is no tendency to overall collapse. 
tf is not clear from the author’s paper whether the 
formation may be applied also to stiffened plates by a 
litable conversion of the b/t ratios. As an example 
the way in which the unstiffened plate component 
resses may be increased it is interesting to consider 
compression of a single plain channel strut, having 
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the dimensions 6 x 3 x 0.116in. When the slenderness 
ratio is greater than 128, column failure occurs ; when 
the slenderness ratio is equal to 128, equal column and 
plate strength gives a safe load of about 3.5 tons. When 
the slenderness ratio is less than 128, failure is pre- 
dominantly that of the unstiffened flange. If the 
slenderness ratio is not greater than 85, then from 
Fig. 4 the safe load is about 5.7 tons, which is based on 
the increased plate component strength. At this latter 
slenderness ratio of 85, the working load is increased by 
more than 60 per cent. Behaviour of the section 
between slenderness ratios of 85 and 128 is not clearly 
indicated in’ the author’s paper. It appears, however, 
that when equal column and plate strengih gives a safe 
working stress below about 2.7 tons per sq. in., then a 
more efficient slenderness ratio may be found for that 
strut. Under these conditions equal column and plate 
strength fails to give maximum load carrying capacity. 
It is interesting to compare a design on the basis of 
increased plate strength with a design on the basis of 


-equal column and plate strength ; to replacea6 « 3 x 


0.116 in. plain channel section supporting a load of 
about 5.7 tons at a slenderness ratio of 85, the only 
reasonable plain channel section, designed on the basis 
of equal column and plate strength and working over 
the same length, has the dimensions 7.13 x 2.54 x 
0.128 in. This latter strut supports a load of about 
5.7 tons over the same length as the previous strut, but 
it has a greater area, a lower safe working stress and is 
less efficient. 

The author gives only the increased plate strengths 
for slenderness ratios not greater than 85. If more 
information were available it would be apparent that 
when there is no tendency to column failure there is 
always some increased plate strength, the actual increase 
depending upon the remoteness of the column failure. 

In conclusion, the writer has compared the expression 
in the author’s Fig. 4 with the exact theory of local 
instability as put forward by Lundquist. In the total 
absence of column instability it is found that the elastic 
local buckling stress of a section may be represented 
by an expression (in the author’s form), of the type 
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where, according to Lundquist, C, depends upon the 
geometry of the cross-section. For a plain channel 
section of uniform thickness, Lundquist found that C, 
is a function of B/D. For unstiffened plate components, 
the author suggests that 
Bit 
Cc, = ——— 
46 + .15B/t 


an expression which is quite independent of D. It 
would be interesting to know whether there is some 
theoretical basis for the author’s expression, or whether 
it is purely empirical. If the author’s expression is 
based on the earlier experimental work of Moir and 
Kenedi!’ (in which the dimension D for plain channel 
sections was maintained constant), then the author’s 
expression, superimposed on the single curve of Lund- 
quist, would appear as a family of curves corresponding 
to the various wall thicknesses. The experimental 
range of the tests of Moir and Kenedi for slenderness 
ratios not greater than 85 is roughly indicated in the 
illustration, Fig. 10. The compression is remarkable 
and may in fact suggest that the shaded portion repre- 
senting approximately the field of validity of the author’s 
expression corresponds to a scatter of experimental 
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results round the theoretical curve. The adoption of 
a single curve, such as that of the exact theory, would 
certainly lead to a considerable simplification of the 
whole problem of increased component plate strength. 


Dr. R. M. KENEDI writes : Mr. Shearer Smith in his 
commentary on the proposed design specification refers 
to equality of overall column and component plate 
strength as the most desirable basis of efficiently econ- 
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omic design. The writer would like to support Mr. 
Shearer Smith most strongly on this point. Structural 
efficiency—primarily because of the use of a restricted 
and far too long unchanged range of “standard” 
sections—has always been a very neglected foster-child 
of present-day structural practice. 

The enormous adaptability of the cold rolling process 
(within the limitations imposed by the overall width 
of the strip) permits the production of not only different 
sizes of the same section but of a range of sections of 
different proportions and shapes. In such circumstances 
no amount of attention paid to structural efficiency can 
be excessive. 

Recently, factors influencing section efficiency have 
been the subject of some consideration*®® and it may be 
of interest to give here—possibly as an addendum to 
Mr. Shearer Smith’s paper—a sample of an efficiency 
analysis, that of a plain column. 

The problem briefly is as follows: What are the 
proportions of a plain channel section which will carry 
the greatest load per unit structural weight for a given 
strip width (i.e., circumference of section), thickness of 
strip and length ? 

Assuming that torsional buckling does not occur, four 
modes of failure are relevant :— 


(i) Overall column buckling about an axis through 
the centre of gravity and parallel to the flanges— 
axis XX. 

(ii) Overall column buckling about an axis through 


the centre of gravity and parallel to the web— 
Axisoy Ye 
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(iil) Plate component failure of the web—width W. 
(iv) Plate component failure of the flange—width . } 
Let the circumference of the channel bec = 2b + W 
area A = (26 + W) t =m 
and H = W/b 


Then the radii of gyration about axes XX and YY 
can be expressed as, 


cH H+ 6 
a OY 
2(2 + H) 3H + 6 
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Considering overall column failure and taking the 
critical stress fe as given by equation (1) of the paper, 
the column loads relevant to failure modes (i) and (ii) 
become 
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Substituting for 7x and ry from equations (1) and (2) 
and putting Px = Py it can be shown that H = .722. 
This means that when the web is .722 x flange, the 
overall column strength of the plain channel is the same 
about both its axes. If H is less or greater than .722, Px 
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is correspondingly less or greater than Py. As it is 
always the lesser strength which defines the overall 
carrying capacity, it is obvious that as far as overall 
failure is concerned the maximum load that can be 
supported corresponds to H = .722. | 

By similar reasoning it can be shown that equal we 
and flange strength obtains when H = 2.75. This 
proportion gives the maximum load P which the column 
can support based on the plate component strength. 

In an ideal case maximum efficiency obtains when ak 
the possible modes of failure are equated. This obvious 
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cannot be done in the case of plain channels in view of 
the different values of H for overall and plate strength. 
_ The next step is to decide whether it is preferable to 

Sc.x the region of I = .722 or H = 2.75. This is 
achieved by investigating the load carried per unit 
structural weight (or load per unit volume) ratio for 
art “‘ equal strength ” sections lying between H = .722 
d H = 2.75. The curves shown in Fig. 11 is the 
result of such an investigation for a constant length of 
72 in. and a material thickness of .o64 in. The values 
shown were obtained by equating the lesser column 
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strength (Py) with the lesser plate strength (in this 
range the flange). The curve is extended to H = 8, the 
‘lesser plate strength from H = 2.75 to H = 8 being 
_ that of the web. 

It is seen that at H = .722 the load per unit volume 
value is .13 against .095 at H = 2.75. That means that 
the structural efficiency of a plain channel column. is 
about 1.37 times higher when the equality of failure 
modes (i), (ii) and (iv) is satisfied, than when column 


(iv). The load carried per unit volume drops away 
fairly rapidly after H = 3, reducing to about a quarter 
metnat at H = .722. 

From a practical point of view the results of the above 
enquiry mean that in plain channel columns, the web 
dimension should not be less than about ? and should 
not be more than about 2? of the flange width. This 
range of web to flange proportion ensures that the plain 
channel column is in the region of maximum structural 
efficiency. 
Mr. JAMES M. Harvey writes: Mr. W. Shearer 
Smith’s proposed design specification is supported by 
experimental results and, while in his determination 
of permissible working stresses the minimum values of 
plate constants, etc., have been used, more exact 
analytical solutions for the interaction of plate com- 
ponents have been obtained, and some mention of these 
might be given here. For instance, for flexural in- 
stability of the flange of a plain channel section under 
sompression, the value of the plate constant C, (as 
eferred to by Mr. W. Shearer Smith in Clause 2 of the 
Commentary) was taken as 0.376, which is the value 
or a plate simply supported along one edge and free 
long the other edge, and is independent of the section 
hape. The correct value of C, lies between this and 
992, the value for a plate fixed along one edge and 
along the other edge, as the buckling plate, i.e., the 
ze plate, does receive some support from the web 
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id the value of C, depends on the shape of the section. 


design is based on equality of failure modes (11), (111) and. 
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In the analytical solution of this problem the method 
of integration of the differential equation for the de- 
flected plate was used and the equation selected was 
the one employed by S. Timoshenko** in his buckling 
of uniformly compressed rectangular plates. If such 
an equation holds for the ‘“ buckling plate,” i.e., the 
flange, a similar equation will be valid for the “ support- 
ing plate,” i.e., the web, and if these two equations are 
taken together and solved, by equating the moments 
and slopes at the common corner, a solution is obtained 
in the form of a value of the plate constant C, for any 
ratio of the web to flange breadth. These values are 

12 
shown in Fig. 12, where Kr = C, x —has been plotted 
we 
instead of C,. For H = O the value of K;: corre- 
sponds to a plate fixed and free along the edges and for 
H = o the value of K: corresponds to a plate simply 
supported and free along the edges. Mr. W. Shearer 
Smith’s value of C, = 0.376, for a plate simply supported 
and free along the edges, which holds over the flange 
12 
— = 0.456 
2 


ri 


failure range is now of course K: = 0.376 X 


and as can be seen from Fig. 12, this is very conservative, 
especially for lower values of H. 

Depending on the section dimensions, it is possible to 
have the case of flexural instability of the web plate, and 
in this case the correct value of C, for the web lies 
between the minimum value of 3.291 for a plate simply 
supported along both edges and C, = 5,758 for a plate 
fixed along both edges. In the analytical solution we 
have an equation for the web or “ buckling plate,’ and 
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one for the flange or “‘ supporting plate,’’ which this time 
gives a solution for the value of the plate constant C, for 
the web plate, for any ratio of the web to flange breadth. 
Since Kr = Kw/H?, the Kw values can be converted 
to equivalent flange values, to be used in conjunction 
with flange widths and this has been done over the web 
failure range in Fig. 12. This allows the intersection of 
the theoretical curves for the different plate component 
failures to be obtained, indicating that at a web to 
flange breadth ratio of 2.75 equal web and flange strength 
obtains. 

Using the same methods, an analytical solution for the 
buckling of the flange and web of inwardly and out- 
wardly turned lipped channels can be obtained, assuming 
the lipped edge to be equivalent to a simply supported 
edge. 
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The analytical solution allows the elastic buckling 
stress for any section to be calculated and, as an example, 
for a set of plain channel sections, these are compared 
with the experimental results in Fig. 13. An ultimate 
stress curve based on the effective width conception, as 
given by S. Timoshenko,’ utilising the same values of 
kK: alre.dy obtained for the elastic buckling stress is also 
included in Fig. 13 for comparison. The basis of plotting 
was selected to give single theoretical curves for all 
thicknesses in the instability range. The limiting stress 
for zero flange width is given by the yield stress value 
for the material or by the relevant ultimate stress for 
the web in the particular gauge, whichever is the smaller. 
It can be seen that reasonable agreement between experi- 
ment and theory is obtained and any scatter could be 
allowed for by fitting a Perry-Robertson type of transi- 
tion curve to the lower scatter boundary of the experi- 
mental results. 


Mr. C. MarsuH (Graduate) and Mr. J. B. Dwicur 
write : Mr. Shearer Smith’s admirable paper also has 
some bearing on light alloy design as there too the 
tendency is to use thin sections, and it is hoped that the 
following criticisms based on experience in this field 
will not be out of place. 

For local buckling of struts (referred to as “plate 
component instability ’’), the author in effect treats an 
unlipped flange as a long plate free at one edge and 
simply supported at the other. For an equal angle this 
may be a reasonable approach. For a channel of squat 
proportions, however, it is unsound, as in this case the 
flanges cannot buckle without distorting the still stable 
web and thus xeceiving rotational restraint at the root. 
Table 1 is therefore con’ ervative when applied to this 
type of section. The local buckling of unlipped channels 
and zeds has been thoroughly investigated by workers 
in the aircraft field independent enquiries in Great 
Britain®®’, and America®’, leading to identical results, 
and there is no reason why this more accurate data 
should not be made use of. The local buckling strength 
of a channel may be found by first calculating the 
“equivalent slenderness ratio”’ R and then using this 
in conjunction with the Perry curve to obtain the critical 
stress R is given by :— 


‘ 


b 

R= M— 

t 
where 6 and ¢ are flange dimensions and M is a co- 
efficient depending on the proportions of the section. 
A curve of M plotted against web-flange ratio is given 
in Fig. (14). This curve, which is based on the above- 
mentioned aircraft data, enables a good estimate to be 
made of the local buckling strength of any unlipped 
channel (or zed). Although referred to flange dimen- 
sions, it is still applicable when web buckling governs 
failure (i.e., web-flange ratio over three to one), the 
value of M being adjusted accordingly when this is so. 
Denoting the web-flange ratio by N, the author’s 
proposals (Table 1) amount to putting M equal to 4.95 
or 1.65 N, whichever is the greater (see dotted curve in 
Fig. (14)). This leads to a low estimate of the critical 
stress, especially for low values of N. For example, the 
author would give the local buckling stress for a 3 in. x 
2 in. X 14 SWG channel as 2.76 tons/sq. in. ; this 

compares with the correct value of 4.17 tons/sq. in. 

Lipped sections provide a more difficult problem, and 
it would be interesting to know what grounds the author 
has for considering that a 3 in. lip is sufficient to provide 
a supported edge (Table 2). Surely the size of lip 
necessary to achieve this must vary with the size of 
flange. In the case of angles, the problem is most 
readily treated in terms of torsional instability. Channels 
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are more difficult, and there is surprisingly little data 
available, although the work of Hu and McCullock®” 
would suggest that a lip of 0.4 to 0.5 of the flange is 
needed in order to form a support. This is a lot greater 
than is convenient. There is no reason, however, why 
smaller lips should not be used, as tie section will still 
be stronger than if unlipped, and it is suggested that 
for the time being a standard lip of one-fifth of the 
flange width should be adopted, the value of M for 
channels or zeds thus equipped being taken as three- 
quarters of the value obtained from Fig. 14. The results 
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of the above workers indicate that such a procedure 
would be safe. A more satisfactory rule can be formu- 
lated when further data becomes available. 

In dealing with local buckling of the compression 
flange of a beam the author uses the same elastic formula 
(clause 3 (G) (iii) as he does for local buckling of struts. 
In bending, the tension flange has no tendency to buckle 
and restrains the rest of the section ; the member is 
thus more stable than in direct compression where both 
flanges tend to buckle. The proposed code is therefore 
even more conservative for local buckling of beams 
than it is for struts. 

Another shortcoming of the author’s treatment is that 
whereas for local buckling of struts he uses a Perry type 
of formula, for all other forms of plate instability he 
uses the elastic formula unmodified, thereby failing to 
allow for imperfections and material fai ures which are 
known to bring the failing stress below the elastic figure. 

The author states that for struts of channel section 
whose ends are prevented from relative rotation failure 
by torsion can be ignored. This is sound if the web- 
flange ratio exceeds a certain critical value (2.7 in the 
case of unlipped channels), but for sections more squat 
than this it is contrary to the accepted theory* and has 
been disproved by experiment*. With such sections 
torsional instability does matter, the range of slender- 
ness ratio over which it governs increasing rapidly as 
the web-flange ratio decreases. The proposed code is 
seriously deficient on this point. For example, the top- 
hat rafter section in the roof truss—Fig. 7—is especially 
susceptible to mode of failure. | 

A final criticism concerns the extreme fibre stress in’ 
beams. The author suggests a permissible value of 
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65fy in bending (clause 3 (a)) as against .59/, for axial 
ding. This increase may be reasonable for ordinary 
uctural sections to BS.4, the shape factor of which 
around 1.15, but for light-gauge members with a 
pe factor of virtually unity it is entirely unjustified. 


Mr. K. C. Rockey writes: With reference to the 
ign laws proposed in clauses 3 (c) and 4 (see Equations 
and 10), it would appear to the writer that these are 
mmewhat conservative. These design laws are obtained 
is indicated by the author, by applying a load factor 
2 with respect to the theoretical buckling values for 
simply supported edges. Since buckling under the 
action of shear or bending, or a combination of the two, 
not usually lead to immediate collapse of the beam, 
put merely results in the formation of very shallow 
aves, with an accompanying redistribution of the 
stress system, it would seem that a load factor of 1.5 or 
3.25 would have been satisfactory. The actual value 
chosen should depend upon the behaviour of the beam 
iter buckling, and should be such that the ratio of the 
load required to cause the beam to cease to act as a 
Tat load carrying member, to the proposed design 
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ads, should lie within the range 1.5 to 2. If the beam 
‘is symmetrical, there would appear to be no reason, 
other than possibly that of flange flexibility, why the 
Tatio-average stress at general yielding of the beam/ 
buckling stress of web, should be unduly low. The 
yriter would be glad if the author could indicate on 
vhat basis the load factor of 2 was chosen for these 
yarticular cases. 

With reference to clause 5 (c) and Fig. 5, the writer 
uld like to suggest that the following relationship, 
ich is the equation of a quadrant of a circle with 
tre at O.0., is more satisfactory and gives a closer 
proximation to the theoretical curve of Timoshenko 
han that proposed. 
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Finally, in clause 4 (b), the author states that the 
“proposed design stresses are for webs without stiffeners. 
Joes he anticipate the use of intermediate stiffeners on 
e light gauge members, and if so, what correction 


to the proposed design laws would he consider suitable 
en such stiffeners are fitted, and also what specifica- 
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tiffeners ? 


‘Dr. C. M. Morr (Member) writes : Two of the many 
commendable features inherent in this paper—all 
Worthy of comment—are first, the close co-operation, 
extending over several years, that has been formed 
veen an industry and the research team of a college. 
is a partnership in which the practical engineer, 
hile obtaining data from controlled experiments, 
lows the research expert to examine fundamental 
Oblems which must necessarily arise, and which may 
ive a very wide and varied range of application. This 
differentiates between Industrial Research and an 
strial Investigation. The second notable aspect 
$s that the research is continuing towards its ultimate 
al which is the designer’s drawing-board. Many 
able researches and data tend to fade out before 
aching the engineer, who might have used the results 
) the benefit of industry. 

This fine effort of presenting a paper in the form of a 
ch-needed specification comes up against difficulties 


ms would he propose for the design of the intermediate 
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which are apparent. The specification is unbalanced in 
the sense that some sections have been written up after 
extensive tests ; other sections with their suggested 
stresses and ratios have been included after a limited 
number of tests, and the remaining sections include 
proposals apparently based on theoretical considerations. 
The whole scheme has been admirably sequenced after 
the style of B.S. 449. This does not appear to be quite 
logical. The B.S. 449 applies to hot rolled sections and 
has been compiled after many years of practical experi- 
ence. The terms used in the specification are all well 
known. This proposed specification comprising new 
types of sections called “ thin cold rolled ’’ and demand- 
ing special techniques, and which are comparatively 
novel, must surely require a rather different type of 
specification. Terms such as “ Lateral torsion bending 
strength under pure moment,” and equations such as 


BL 7 
f= — | GJ + peat - not to mention 


p | 
square roots of fifth powers, are evidence of the academic 
mind and must be eliminated from a document which 
is essentially practical. This specification is in its 
infancy and must be carefully and fully presented. In 
the fulness of time and during years of experience there 
is no doubt it will be modified and probably changed 
considerably. 

There is a tendency to over-emphasise the ideal of 
equal overall column and plate component strengths. 
In the testing of a single strut or a beam, this is « 
perfectly sound idea, but when that strut or beam 
becomes a part of a structure there are other considera- 
tions—the connections. It does not therefore follow - 
that the ideal strut is the most economical. A structure 
composed of ideal members would not necessarily mean 
an attractive overall design and it would certainly be 
costly. 

The author is, however, to be congratulated on the 
excellent and careful work he has expended in this very 
enterprising paper. 


The AUTHOR replies : Before endeavouring to answer 
the various contributors, the author would like to take 
the opportunity of expressing his indebtedness to the 
Council for the honour conferred by them in awarding 
his paper the MacLachlan Lecture for 1950. 

The author is appreciative of Professor Winters 
contribution, as it 1s well known that much of the 
progress of cold formed sections in America is due to 
the research work carried out under his direction. 

Within the last few years correspondence has taken 
place with Mr. B. L. Wood, Consultant Engineer to the 
American Iron and Steel Institute, resulting in the 
author receiving from time to time valuable information 
including some of the references mentioned, but not 
all in time to be fully considered in the preparation of 
the paper, by then well under way. 

It is agreed that there are several differences between 
the specification now proposed and the original American 
specification, where the use of design curves, unfamiliar 
in Great Britain, is widely adopted. The latter, in 
computing the properties of trial sections of flexural anc 
compression members, uses a reduced “ effective desigin 
width ”’ in conjunction with a permissible stress based 
on a factored collapse stress, whereas the former believed 
to be more direct in its application, proposes the gross 
cross-sectional area multiplied by a variable permissible 
stress depending on //r or b/t based on a factored critical 
stress. 

Regarding the factor of safety, this is a matter which 
received careful consideration at the time and has 
since then been the subject of widely varying comment 
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from other contributors. In the material failure range 
the factor of safety proposed is slightly lower than that 
permitted in the American Specification, but in the plate 
component failure range the figure, based as it is on the 
‘critical’ stress, turns out higher than the American. 
It was considered unwise to condone the under-rolling 
of strip thicknesses by introducing a “ factor of un- 
certainty,” at so early a stage in the proceedings. 


Professor Winter is correct in referring to the post-. 


buckling strength of flat stiffened compression plates. 
It was intended that the specification should cover 
stiffened b/t ratios up to about 300 meantime, partly on 
account of lack of substantiating experimental data and 
partly due to the difficulties in rolling very wide flanges 
and webs perfectly flat. The use of very large b/t ratios 
in conjunction with the higher permissible stresses 
indicated by Professor Winter, results in overall and 
local distortions, a matter on which the consumer-public 
will have to be educated. In addition to the difficulty 
of convincing certain clients that members showing 
distortions are not on the point of collapse, there is the 
zsthetic aspect—one which cannot always be dis- 
regarded. 

Much, if not all, Professor Winter says in his con- 
cluding remarks is true. Development in this country, 
although rapid in recent years, is still to some extent 
influenced by material and cold rolling plant available. 
The introduction of the new continuous sheet mill of 
Steel Company of Wales, however, should do much to 
improve the material position as regards both quality 
and quantity. On the other hand, it is relevant to 
point out that differences in the ratio of labour and 
material costs in the United States and United Kingdom 
respectively may easily lead to the structural develop- 
ment of cold formed sections in this country taking a 
different line from that in America. One may even 
venture to suggest that perhaps at a not too distant 
date American and British engineers will be referring 
to one specification acceptable to both. 

Dr. Chilver, in raising three interesting points, con- 
tends in his first that partial equality of column and 
plate strengths (such as equality of column strength 
about one axis with one or both plate component 
strengths) does not necessarily lead to the most efficient 
form of column section—efficiency being defined as load 
carried per lb. weight of strut. In this he is correct. 
If it were possible to design a section with equality of 
strength in all modes of failure, i.e., equality in overall 
column failures and plate failures, maximum efficiency 
would result. This, however, cannot be achieved in 
the case of some cold formed sections (such as plain and 
lipped channels), on account of the uniform thickness 
of the material. It can be shown, however, that for 
sections not liable to torsion bending failure, the prac- 
tically efficient design range, for example, for plain 
channels, lies between flange to web ratios of 1 to about 
1/3, the efficiency for the square channels being some- 
what higher. Thus a further example might be added 
to Dr. Chilver’s table if a 2.25 in. X 2.25 in. X .104 in. 
(12g) channel is used for the 3-ton load over a length of 
60 in. the working stress and area ratio would read 
4.50 tons/sq. in. and .g3 respectively. Incidentally, 
Dr. Kenedi’s contribution throws considerable light on 
this point. 

Regarding the increase in strength for plate com- 
ponents of a strut where there is no tendency to overall 
collapse Fig. 4, was based on empirical values where the 
limit of the experimental range was for a slenderness 
ratio not greater than 85. Dr. Chilver’s opinion that 
this is of great practical importance confirms the author’s 
own reason for the inclusion of this preliminary data 
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which will in all probability vary with the degree « 
remoteness from overall column failure. Work, in whic 
Dr. Chilver has played a very prominent part, sponsore 
by the Cold Rolled Sections Association since the papt 
was submitted to the Institution, indicates that it 
possible to produce a transition curve which sati 
factorily takes this into account. : 

With reference to the third and last point, the e: 
pression for local instability stress is in fact an empiric 
expression. It was originally introduced to facilita 
direct design based on a single variable—the plate widt 
to thickness ratio. This has a definite advantage in thi 
it allows the critical instability stress to be checked fe 
the plate components without reference to multi-cury 
charts necessary if C,, made to vary with the flange 1 
web ratio, is introduced. The author agrees fully wit 
Dr. Chilver that this is not exactly correct but conside 
it to be sufficiently accurate for purpose of illustratic 
and design. 

It is doubtful if the discussion would have bee 
complete without Dr. Kenedi’s contribution, as he hi 
been most prominent in the development of researc 
and design aspects of thin-walled sections in this countr 
Invaluable information is-included for the designe 
giving the range within. which he may expect to fin 
the most efficient section. In point of fact it woul 
appear that for each gauge there is one and only or 
most efficient strut of each type of section, plain channe 
lipped channel, etc. This does much to support tk 
belief that wherever practical conditions permit, sectior 
can and should be designed and rolled to suit the pa 
ticular job and not just selected from a limited rang 
This is an important advantage which cold forme 
sections hold over hot rolled sections. GA 

Mr. Harvey’s contribution is also of particular interes 
as it gives analytical substantiation to the experiments 
data used in the preparation of the specification. Th 
fact that a theoretical solution has been evolved showin 
that the values of C, used in the paper are on the cor 
servative side is most gratifying. 

This would indicate that the permissible stresses i 
the plate failure range could be increased. It is point 
such as this and, say, the question of factor of safet 
which will no doubt receive further attention prior t 
finalising the specification. 

The contribution by Messrs. Marsh and Dwight — 
appreciated, particularly as the author realises that th 
closer the co-operation between all users of light section 
whether alloy or steel, especially in research, will reflec 
beneficially on the development of the appropriat 
specifications. 

In the case of plain channel sections which are stab: 
as far as overall column buckling is concerned tk 
mutual elastic restraint given by the web or the flang 
does give an increased strength to the critical con 
ponent. The form quoted in the paper, based o 
Lundquist’s original work, applies to local buckling « 
struts only. When, however, overall buckling is als 
present some allowance must be made for the lack ¢ 
stability of the supporting plate. The figures given i 
Table I are on the conservative side—a point supporte 
by Messrs. Marsh and Dwight. The use of a transitic 
curve in this connection has already been mentioned i 
the reply to Dr. Chilver’s contribution. 

The minimum lip size of 3 in. is an empirical figu 
and is restricted to the range of thicknesses quote 
Regarding the lip purely as an agency for providing 
support for the flange, it would appear that for practic: 
purposes there is in fact a limiting lip size dependent 
thickness. Further work on the subject would 
beneficial. 
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f As regards flange buckling of beams the conservative 
igures given for beams are partly due to the fact that at 
he time of preparation no theoretical information 
vegarding the actual critical stress was available. 
nvetigation of this is now proceeding at the Royal 
[echnical College, Glasgow, and very recent theoretical 


sonservative nature of the figures. 
With reference to the point regarding torsional 
mstability, the author fails to see where the value of 2.7 
as obtained. Baker and Roderick in the reference 
noted show a channel section of web to flange ratio 
2.2 to 2 which did not fail by torsional buckling but by 
exural action. Analysing plain channels in the light 
ot Baker and Roderick’s findings by means of Timo- 
shenko’s general analysis (which incorporates Goodier’s 
work) it can be shown that no torsional buckling failure 
decurs until the web to flange ratio is somewhat less than 
anity. 
te reasoning with regard to the permissible extreme 
fibre stress in beams is not considered wholly correct, as 
he mechanism of collapse in thin-walled sections, 
although not entirely understood, is known to deviate 
from the basic concepts of the simple plastic theory. 
From experimental work carried out it was found that 
e values given by the simple plastic theory are always 
on the conservative side and that shape factors higher 
than 1.15 have been recorded in the material failure 
fange of beam behaviour. The shape factor has no 
meaning in cases where failure is initiated by local 
instability, as in such cases the ratio of collapse moment 
to moment initiating elastic instability can have much 
greater values than unity, as for example five, as quoted 
by Professor Winter in his contribution. The figure 
suggested in the paper therefore is considered reasonable. 
_ Turning now to Mr. Rockey’s very welcome contri- 
bution, the author finds that the safety factors, con- 
sidered too low by the previous contributors, are now 
thought to be too high. It is hoped that once the 
ehaviour of thin-walled sections in bending is fully 
hown and understood these load factors may be 
duced to 1.5 and even 1.25, as suggested by Mr. 
ockey. Meantime it is thought advisable to err on the 
fe side by using the value of 2 chosen from general 
ctural experience. 
Mr. Rockey’s proposed alternative equation, for the 
imoshenko combined bending and shear curve, is 


substituted for the expression quoted in the paper. 

It is conceivable that intermediate stiffeners may be 
orthy of some research in the case of deep beams, but 
3 the economics of their introduction as against, say, 
creasing the section thickness, is considered doubtful, 
le matter has not as yet been completely examined. 
eing aware of Mr. Rockey’s first-hand knowledge on 
e€ subject of stiffeners, the author would be pleased to 
mm the results of his investigations. 

Having known and had the privilege of working with 
tr. Moir for many years, it is a particular pleasure to 
Knowledge his very pertinent and welcome remarks. 
Speaking from the industrial side, the author fully 
dorses and bears witness to Dr. Moir’s point about the 
nefits accruing from a full and free co-operation 
tween industry and academic research teams. 

[he proposed specification is, as Dr. Moir suggests, to 
me extent unbalanced from the point of view of 
stantiating experimental data, but it should be 
ae in mind that research continues and that the 
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“gaps’’ are being filled. It is not intended that the 
proposals put forward should be considered ‘‘ the last 
word’ but rather the first step towards an official 
specification. One reason for drawing up the specifica- 
tion on the familiar lines of B.S. 449 arose out of the 
well-known principle that new products sold in familiar 
wrappers are more likely, in the first instance, to find a 
consumer market than strange goods in even stranger 
wrappers. Cold formed sections properly applied are 
efficient media in certain fields of structural design and 
should, therefore, be treated as such. Many of the 
principles involved in design using hot rolled sections 
apply also to cold formed and to introduce unnecessary 
unfamiliar terminology would be a disservice to all 
concerned. 

As for the terms quoted by Dr. Moir as being other 
than practical, may the author be permitted to point 
out that the first two appear only in the commentary, 
while the last is expressed similarly in B.S. 449. To 
remove all traces of the academic mind would result in 
only a collection of empirical rules remaining. Over- 
simple design rules, on the one hand, based on the 
superficial results of a limited range of experiments, can 
be very easily misapplied, whilst on the other a basic 
investigation using few assumptions usually results in 
rather complex formule which can only be presented 
for direct use by means of tables and charts. Surely the 
answer is to be sought somewhere between these two 
extremes. 

Dr. Moir’s suggestion that the importance of con- 
nections should not be lost sight of in the effort to 
design using only ideal sections is in large measure a 
wise one. The designer, however, who has a range 
of such sections to choose from is more likely to arrive 
at a more economical structure than, say, the designer 
who adopts only members which can be easily connected. 
One of the features of cold formed sections is that one 
section can sometimes be rolled to suit its neighbour, 
thus dispensing with gusset plates, etc. Careful con- 
sideration of the various aspects of each design is 
obviously advisable as well as desirable. 

The author wishes to express his appreciation of the 
contributions received and trusts that he has covered all 
the points raised. The main objects of the paper were 
to stimulate interest in the use of comparatively new 
structural medium ; to make available to structural 
engineers and other potential users the basic data 
necessary to design and fabricate structures of cold 
formed sections ; and to bring’ to the notice of the 
appropriate authorities the need for a standard specifica- 
tion in this field. 

In closing, may the author offer his sincere thanks, 
as a member of the Scottish Branch, to the President, 
Secretary and members of the Institution for a very 
enjoyable evening in London. 
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Institution Notices and Proceedings 


KING GEORGE VI 
The Council of the Institution met on February 28th, 


and adjourned after recording tieir profound sorrow at _ 


the death of His late Majesty King George VI, and 
passing a resolution of sympathy with Queen Elizabeth, 
the Queen Mother, and the other members of the Royal 
Family. 

ANNUAL DINNER 


The Annual Dinner of the Institution, which was to 
have been held on March 20th, has been postponed and 
will now take place on October 2nd. Members will be 
notified of details in due course. 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution was 
held at 11, Upper Belgrave Street, London, 5.W.1, on 
Thursday, February 28th, 1952, at 5.55 p.m., Mr. Walter 
C..Andrews, O.B.E., M.I.C.E., M.1.Scruct.E. (President), 
in the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections, as tabulated below, should be referred to when 
consulting the Year Book for evidence of membership ? 


STUDENTS 

BuHatt, Amer Singh, of Brighton, Sussex. 
BotHMA, Kenneth Harold, of Johannesburg, South 

Africa. 
Brown, Leslie Arthur, of Trowell, Notts. 
BurMAN, David Charles, of Liverpool. 
BuTLER, Robert, of Stretford, Manchester. 
CHAN WENG CHIU, of Singapore. 
Cops, John Loraine, of Brighton, Sussex. 
Davies, Norman Edward, of Rock Ferry, Cheshire. 
IWANSKI, Zygmunt, of London. 
LEADBEATER, Geoffrey, of Knutsford, Cheshire. 
LEMPRIERE, John Victor, of Thornaby-on-Tees. 
MEEKAN, John Byers, of Auckland, New Zealand. 
Morey, Charles Edward, of Liverpool. 
NEALE, David, of Swansea, Glam. 
ROWLINSON, John Walter, of Romford, Essex. 
SHERLOCK, William Albert, of Cardiff. 
SHERMAN, Norman William John, of Surbiton, Surrey. 
STUDZINSKI, Stanislaw Henryk, of London. 
TaytLor, Phillip Austin, of Brighouse, Yorks. 
WILLEs, Graham Cecil, of Little Chalfont, Bucks. 


GRADUATES 

BREARY, John Basil, of Petts Wood, Kent. 

CANNING, Philip John Alexander, B.Sc.(Eng.), London, 
of Ilford, Essex. 

CHATTERJEE, Binoy Kumar, of London. 

CHURCHER, John, of Norwich. 

De Picciotto, Maurice, B.Sc.(Civil) Birmingham, of 
New York, U.S.A. 

DresHMUKH, Madhukar Dattatray, B.E.(Civil) Bombay, 
of Nasik City, India. 

Drxon, Ronald John David, B.Sc.(Civil) Manchester, of 
Rhyl, Flintshire. 

Donatp, Allan, B.Sc.(Hons.) Glasgow, of Wellington, 
C.1, New Zealand. 

Gaunt, Grenville, of Chesterfield, Derbyshire. 

Hawker, Geoffrey Fort, B.Sc.(Eng.) London, of Wood- 
ford Green, Essex. 

LAWRANCE, David Edward, A.M.I.Mun.E., of Shenley, 
Hertfordshire. 


McKay, Donald Crowther, B.Sc.(Civil) Cardiff, of 
Portreath, Cornwall. 

McKenna, Joseph Laurence, of Nantwich, Cheshire. 

Mason, James Roy, of Surbiton, Surrey. 

Onions, Richard Laurence, of Harrow, Middlesex. 

PoLaNnD, John Henry, B.E.(Civil) N.Z., of Auckland, 
New Zealand. 

PotpaR, Maganlal Wanji, B.E.(Civil) Bombay, of 
Nasik, India. 

SELFE, Michael Alwyn, of Lyndhurst, Hants. 


MEMBERS 
BatuHo, Thomas, of Ewell, Surrey. 
BurrEN, William Henry, A.M.I.C.E., of London. 
FIsHER, Philip Arthur, of Cheam, Surrey. 
Hawkins, Laurence Edward, M.B.E., B.Sc.(Eng,) 
London, A.C.G.I., of Pinner, Middlesex. 


TRANSFERS 

Students to Graduates 
Darvison, John Leonard, of London. 
Hupson, Hilbert Leslie, of London. 
WALDEN, Kennetn Owen, B.Sc.(Eng.) London, of 

London. - 
Graduates to Associate-M embers 

DeEMAIN, Richard Kenneth, of Prestwich, Lancs. 
MALLICK, Samir Kumar, B.Sc., of Manchester, 


Associate-Members to Members 
ATKINSON, Alfred, A.M.1.C.E., of Rowley Bank, Stafford. 
MARRIOTT, Edward Baxter, B.Sc.(Civil)S.A., A.M.I.C.E., 
of Pietermaritzburg, South Africa. 
WILKIE, Basil, of Lagos, Nigeria. 


Members to Retired Members 
Cross, Arthur George, L.R.I.B.A., of Natal, South 
Africa. 
Forster, Thomas, M.B.E., of Ashford, Kent. 
LACguE® Herbert Hollings, B.Sc., A.R.C.Sc., of Dover 
ent. 


RE-ADMISSION 


Associate-M ember 
Brooks, Ivor, B.Sc., of Cape Town, South Africa. 


OBITUARY | 


The Council regret to announce the deaths of Har 
bourne MACLENNAN, Allan Ramsay Moon (Members) | 
Henry Augustus MACKMIN (Retired Member) ; Henry 
Greville MONTGOMERY (Hon. Associate), and Edwin SMITE 
(Associate-Member). 


RESIGNATIONS 


Notification was given that the Council had acceptec 
with regret the resignations of Stanley ALLEN-MAGILL 
Stanley John Davies, John Dovaston, James Alfrec 
Henry Harper, Francis Lee HoTHErsALt, Willian 
Hector MACKENZIE (Members) ; Arthur Octaviui 
Epwarps, James Hunter THOMSON (Retired Members) 
Terence CARR, Julian Granville CLAESSEN, Bertra 
Kimberley NICKLEN, Frederick William TREADWEL 
(Associates) ; Brian Mortimer ARCHIBALD, Horaer 
Bouton, John Crospie, Herbert Cutler, WILKINSON 
William Thomas WiILks (Associate-Members) ; Eriv 
AppicoTtt, Philip Arthur Bays, Thomas Egert 
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ii BLAKEMAN, Hugh Noel Campbell Monckton, Eric 
ENCER ee ; Miss sr eg Amelia ALEXAN- 


EXAMINATIONS 


The examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 

July 15th and 16th (Graduateship), and July 17th and 
18th (Associate-Membership). 


FORTHCOMING MEETINGS 


_ The following meetings will be held at rr, Upper 
Beclerave Street, London, S.W.1 :— 
y Thursday, April 24th, 1952 
_ Ordinary General Meeting at 5.55 p.m. This meeting, 
which is for the election of members and is open only to 
corporate members of the Institution, will be followed 
by an Ordinary Meeting at 6 p.m., when Mr. S. Mackey, 
“ME., Ph.D., A.M.I.C.E.I. (Associate-Member), and 
_Mr. D. M. Brotton, B.Sc.s Ph.D. (Graduate), will give a 
‘paper entitled “‘ An Investigation of the Behaviour of 
_a Riveted Plate Girder under Load.” 
Members wishing to bring guests to the Ordinary 
‘Meeting are requested to apply to the Secretary for 
_ tickets of admission. ' 


Thursday, May 22nd, 1952 
- Ordinary General Meeting (for the election of mem- 


bers), 5.55 p-m. 
__ Annual General Meeting, 6 p.m. 


Thursday, June 26th, 1952 
Ordinary General Meeting, 5 p.m. 


INSTITUTION AWARDS 


' The Council have awarded the Bronze Sessional 
Medal for the best paper read before the Institution 
_ during the Session 1950-51 to Lt.-Colonel G. W. Kirkland 

z y Mr. A. Goldstein, for a paper on “ Design and Con- 


OVERSEAS REPRESENTATIVE 

The Council have appointed Mr. C. W. Hamann, 
M.1.C.E. (Member), to be the Institution’s Representa- 
tive in the South Island of New Zealand in place of 


Mr. D. Bruce Smith, who is leaving Christchurch. 


REPRESENTATION 


The Council have re-appointed Mr. Gower B. R. 
Pi m, M.1.C.E. (Past-President), as one of the Institu- 
tion’s Representatives on the Council for Codes of 
Practice for Buildings, for a further period of three years. 


EXAMINATION FEES 


The fees for the Institution’s examinations, from and 
ncluding those for January, 1953, will be upon the 
lowing increased scale :— 


+RADUATESHIP 


Students £ Der? £16 
Non-members {35 2° 0 
SSOCIATE-MEMBERSHIP 
- Students and Graduates Se pe) 


Non-members... £3 3 0 
The exemption fee in both c cases will now be ft G: 
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YEAR BOOK AND LIST OF MEMBERS 
The Year Book and List of Members for 1952 will go 
to press on July 1st, for publication in October, when a 
copy will be sent to all members of the Institution. 
Members are requested to inform the Secretary of 
any alterations in titles, degrees or addresses, which 
have not already been notified, by June 15th, in order 
that such amendments may be included in the new 
edition. 


SOCIETY OF CHEMICAL INDUSTRY 
CONFERENCE ON APPLICATION OF RESEARCH 

A whole day Conference on the application of the 
research reviewed at the Building Research Congress, 
1951, is being organised by the Road and Building 
Materials Group of the Society of Chemical Industry, 
with particular reference to papers presented to Division 
2 of the Congress. 

Among the papers proposed for discussion are the 
following :— 

“General trends in the applications of research in 
building materials.” 

“The extent to which concrete quality control is 
being applied and the results thereof.” 

“The use of lightweight concretes.” 

“ The use of alternative varieties of timber, and the 
durability of flooring.” 

The Conference will be held on April 17th, 1952, at 
the Institution of Structural Engineers, 11, Upper 
Belgrave Street, London, $.W.1, in two Sessions— 
10 a.m. to 12.30 p.m., and 2 p.m. to 5 p.m. 

Those wishing to take part are invited to advise the 
General Secretary of the Society of Chemical Industry, 
56, Victoria Street, London, S.W.r. 


TRAINING GRANTS FOR ENGINEERS AND 
SURVEYORS 

In consequence of an agreement recently reached by 
the National Joint Council for Local Authorities’ 
Administrative, Professional, Technical and Clerical 
Services, a comprehensive scheme of financial assistance 
towards tuition and examination expenses of staff 
employed by local authorities is now in operation. The 
scheme includes staff undertaking courses of study for 
recognised qualifications as surveyors, engineers, archi- 
tects and similar professional vocations. 

In 1946, the National Joint Council negotiated a 
scheme whereby staff who successfully passed the 
intermediate examination of a recognised professional 
qualification (including that of the Institution of 
Structual Engineers) were awarded grants of £15 with a 
further £30 on passing the final examination. In 1949, 
the National Joint Council submitted a revised scheme 
whereby grants be awarded towards the costs of pre- 
paring for the recognised examinations (which include 
those of the Institution of Structural Engineers) and 
towards the actual expenses of taking the examination. 

The new scheme provides for grants of 75 per cent. of 
the tuition fees, 75 per cent. of the registration and 
exemption fees, the full examination entry fees (first 
attempt), 75 per cent. of the expenditure incurred in 
travelling expenses (a) for course of study, and (b) for 
examinations, and 75 per cent. of the expenses incurred 
in securing practical training which is a condition 
precedent for entry to the examination. 

LONDON GRADUATES’ AND STUDENTS’ SECTION 

The next meeting of the Section will be held at 
11, Upper Belgrave Street, London, S.W.1, at 6 p.m., on 
Tuesday, April 8th, when a lecture on “ Bridges ”’ will be 
given by Mr. H. Shirley Smith. 

Hon. Secretary : D. B. Rogers, 4, Portland Rise, 
Finsbury Park, N.4. 
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INTERNATIONAL ASSOCIATION FOR BRIDGE 
AND STRUCTURAL ENGINEERING 

As announced in the Journal last June, the Inter- 

national Association for Bridge and Structural Engineer- 

ing will be holding its Fourth Congress in Cambridge 

and London from August 25th to September 5th, 1952. 

The Association, whose headquarters are at Zurich, 


was founded in 1929 for the purpose of promoting inter- . 


national co-operation among scientists, engineers and 
manufacturers and the interchange of knowledge, ideas 
and the results of research work in the sphere of bridge 
and structural engineering in general, whether in steel, 
concrete or another material. The first Congress of the 
Association, in the organisation of which the Institution 
of Structural Engineers took a leading part, was held in 
Paris in 1932. Subsequent Congresses were held in 
Berlin (1936) and Liege (1948). This is the first time 
that the Congress will have been held in Great Britain 
and the organisers hope that it will receive the support 
of as many as possible who are eligible to participate in 
its proceedings. 

The Chairman of the British Section of the Association 
is Mr. Ewart S. Andrews (Past-President of the Institu- 
tion and Vice-President of the Association), who, with 
the assistance of an Organising Committee and other 
sub-committees is directing the organisation of the 
Congress, and a comprehensive programme of events 
has been arranged. During the period August 25th to 
August 30th, the Congress will be centred at Cam- 
bridge, where the programme will consist of technical 
meetings at which papers will be read and discussed, a 
Reception by the University, and visits to places of 
interest in and around Cambridge. 

Each of the six themes forming the technical part of 
the Congress will be discussed at a special working 
session, and the conclusions drawn from the discussions 
will be included in the Final Report of the Congress. 
Papers have been prepared for each of the themes in the 
programme, and these will be included in the “ Pre- 
liminary Publication ’’ to be issued before the opening 
of the Congress. The authors of papers will be given an 
opportunity at the working sessions to introduce explana- 
tory diagrams, but it will be assumed that the papers 
have been read previously by those wishing to join in 
the discussion. Each paper will be published in full in 
the language in which it has been prepared, followed 
by a summary in each of the official Congress Languages. 
The “ Final Report ”’ will contain contributions to the 
discussions at the working sessions of the Congress, 
together with the general conclusions reached. 

The following are the themes for discussion BT 
of Calculations and Safety Considerations ; Development 
of Methods of Calculation ; Metal Structures—Funda- 
mental Principles ; Metal Structures—Practical Appli- 
cations ; Fundamental Principles and the Properties of 
Concrete ; Current Problems of Concrete and Reinforced 
Concrete ; Prestressed Concrete. 

On August 30th the Congress will move to London 
and from September Ist to 5th, various visits and tours 
to places in and around London will be held. There 
will be a Government Reception and an official banquet 
at Guildhall on September Ist. During this period 
three-day excursions are being arranged to places of 
engineering interest in Scotland, North Wales and South 
Wales. 

The Lord President of the Council, the Rt. Hon. 
Lord Woolton, C.H., D.L., LL.D., has accepted office 
as the President of the Congress, which is being spon- 
sored by the Institution of Civil Engineers and the 
Institution of Structural Engineers. The Presidents of 
the two Institutions, Mr. A. S. Quartermaine and 
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Mr. Walter C. Andrews have been appointed as two of 
the Vice-Presidents of the Congress, and the Secretaries, 
Mr. E. Graham Clark and Major R. F. Maitland, as 
Joint Honorary Treasurers. 

Any member of the Institution who wishes to attend 
the Congress must first be a member of the International 
Association and the British Section. The annual sub- 
scription is one guinea, and application forms, together 
with further details of the Association’s activities, may 
be obtained upon application to the Secretary of the 
Institution, 11, Upper Belgrave Street, London, S.W.1. 

On behalf of the Organising Committee this oppor- 
tunity is taken to express sincere appreciation and 
thanks to the following firms and organisations who 
have generously made contributions towards the costs 
of the Congress, which to date amount to £12,000 :— 

Acrow Engineers, Ltd., Association of Consulting 
Engineers, Automobile Association, Balfour Beatty and 
Co., Ltd., British Constructional Steelwork Association, 
British Iron and Steel Federation, British Welding 
Research Association, Simon Carves, Ltd., Cementation 
Co., Ltd., Cement & Concrete Association, Richard 
Costain, Ltd., Demolition & Construction Co., Ltd., 
Robert M. Douglas (Contractors), Ltd., J. B. Edwards 
& Co. (Whyteleafe), Ltd., Expanded Metal Co., Ltd., 
W. & C. French, Ltd., Franki Compressed Pile Co., Ltd., 
Higgs & Hill, Ltd., F. R. Hipperson & Son, Ltd., Holland 
and Hannen & Cubitts, Ltd., Holloway Bros. (London), 
Ltd., Holst: & Co., Ltd., Institution of Structural 
Engineers, Keir & Cawder, Ltd., John Laing & Son, Ltd., 
Lever Bros. & Unilever, Ltd., Peter Lind & Co., Ltd.., 
Sir Robert McAlpine & Sons and Associated Companies, 
Sir Alfred McAlpine & Co., Ltd., Mears Bros. (Con- 
tractors), Ltd., Mitchell Engineering, Ltd., F.: Mitchell 
& Son, Ltd., F. G. Minter, Ltd., John Morgan (London) 


Ltd., W. Moss & Sons, Ltd., John Mowlem & Co., Ltd.., 


C. A. Parsons & Co., Ltd., Rush & Tompkins, Ltd., 
The Rubberoid Co., Ltd.; A: E. Symes, Ltd} Tayig 
Woodrow, Ltd., Trollope & Colls, Ltd., Twisteel Rein- 
forcement, Ltd., Wates, Ltd., Wests Piling & Construc 
tion Co., Ltd., George Wimpey & Co., Ltd., Yorkshire 
Hennebique Contracting Co., Ltd. 

Since the estimated cost of the Congress amounts tc 
£15,000, additional contributions to the fund will be 
greatly appreciated, and should be sent to Major R. F 
Maitland, at 11, Upper Belgrave Street, London, S.W.1 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


The following meetings have been arranged :— 


Tuesday, April 29th, 1952 
Professor: -eAs Matheson, M.B.E.,. MSc eee 
M.I.C.E. (Member), on “ Plasticity and Structural 
Design,” at the College of Technology, Manchester 
6.30 p.m. 3 
Thursday, May 15th, 1952 
Annual Business Meeting. 
Hon. Secretary : A. S. Sinclair, A.M.1.Struct.E., 28 
Kenwood Road, Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 


The Annual General Meeting of the Branch will 
held at the James Watt Memorial Institute, Birmingh 
at 6.0 p.m., on Tuesday, April 29th, 1952, followed by 
paper on “ Piling in Engineering Construction,” b 
Mr. J. Owen Lake, A.M.I.Struct.E. “ 

Hon. Secretary: E. R. Deeley, A.M.I.Struct.E 
Arranmoor, Adshead Road, Dudley, Worcs. 


pril, 1952 


GRADUATES’ AND STUDENTS’ SECTION 
The following meetings have been arranged :— 


Wednesday, April 30th, 1952 
Mr. S. M. Cooper (Associate-Member), on “‘ Investiga- 
a i ‘the Failure of the Tacoma Narrows Bridge ”’ 
L g. Version); “ River to Cross ’’ (wind tests on the 
a Bridge model). The meeting will be held at the 
James Watt Memorial Institute, Great Charles Street, 
Birmingham, at 7.0 p.m. 
{ Friday, May 30th, 1952 
Short papers by members of the Section. 
' Hon. Secretary : M. H. Evans, B.Sc., 42, Church Hill 
Road, Handsworth, Birmingham, 20. 


1 NORTHERN COUNTIES BRANCH 


The Annual General Meeting of the Branch will be 
reld at the Neville Hall, Newcastle, at 6.30 p.m., on 
Wednesday, April 2nd, 1952, and will be followed, by a 
daper on “ Data in the Drawing Office,” by Mr. J. Ross. 
i The meeting will be preceded by tea at 6.0 p.m. 

Hon. Secretary : Jan MacGregor, M.I.Struct.E., 9, 
Bllison Place, Newcastle-upon-Tyne, 1. 

4 NORTHERN IRELAND BRANCH 

_ The Annual General Meeting of the Branch will be 
held at the College of Technology, Belfast, at 7.30 p.m., 
on Tuesday, April 22nd, 1952. 

_ Hon. Secretary : S. G. Duckworth, M.I.Struct.E., 
“ Lisleen,” 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 


The Annual General Meeting of the Branch will be 
Id at the Ca’doro Restaurant, Glasgow, at 6.0 p.m., on 
ednesday, April 17th, 1952. 

on. Secretary: D. G. Drummond, B.Sc., MI. 
act.E., A.M.I.C.E., 11, Woodside Terrace, Glasgow, 


SOUTH-WESTERN COUNTIES BRANCH 


Hon. Secretary: E. W. Howells, A.M.I.Struct.E., 
Messrs. T. Harding & Sons, Ltd., 10/12, Market 
treet, Torquay. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 


Tuesday, April ist, 1952 


Engineers, Cardiff, at 6.30 p.m. 


Law of Grading for Concrete Aggregates, by 
. Boyd Mercer. (Melbourne : Melbourne Technical 
pllege Press, 1951). 113 pp. f’cap, numerous diagrams 
id photographs. Not priced. 

Fuller’s curve, modified by Boloney and_ others, 
mains the basis of acceptance of continuous gradings 
concrete aggregates, and such gradings are often 
amanded without full appreciation of the cost. Mr. L. 
By d Mercer contends that, even if continuous gradings 
sult in better concrete, there are many localities where 
ley cannot be obtained economically and it is un- 
sirable to insist upon their adoption. He has carried 
tt an exhaustive programme of research on this 
portant question of concrete economics, from which 


Students’ Evening at the South Wales Institute of - 


a 


Fnday, April 25th, 1952 
Annual Dinner at the Osborne Hotel, Swansea. 


Tuesday, May 6th, 1952 
The Annual General Meeting of the Branch at the 
South Wales Institute of Engineers, Cardiff, at 6.30 p.m. 


Saturday, June 7th, 1952 
Joint visit with the Midland Counties Branch to the 
Penmaenmawr Welsh Granite Quarries and Llandudno. 
Hon, Secretary: E. R. Steward, A.M.I.Struct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES BRANCH 

The Fifth Meeting of the Session was held at Bristol 
University on Friday, February Ist, 1952, and took the 
form of a combined meeting with the South-Western 
Association of the Institution of Civil Engineers, Pro- 
Fees aes weStey, \).b. ) So MLC. By i RAGS; 
(Branch Chairman, Institution of Structural Engineers), 
presiding. 

The paper entitled “‘ Some Effects of Recent Develop- 
ments on the Design and Construction of Concrete 
Structures,’’ was presented by Dr. A. R. Collins, M.B.E., 
A.M.1.C.E., A.M.I.Struct.E. 

An interesting discussion followed the paper, and a 
vote of thanks was proposed by Mr. Goodrich (Institution 
of Civil Engineers). 


Friday, April 4th, 1952 

The Annual General Meeting of the Branch, followed 
by a Film Show. 

Hone secreary. C. ~E. Saunders, N. EStrmet E., 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Somerset. 

YORKSHIRE BRANCH 


The Annual General Meeting of the Branch will be held 
on Wednesday, April 23rd, 1952, at the Great Northern 
Hotel, Leeds, at 6.30 p.m. 

Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E., 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted in the City En- 
gineer’s Department, City Hall, Johannesburg. ’Phone 
34-111T, Ext. 257. 

Natal. Section Hon.. Secretary: E.G. Bennett, 
A.M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O. 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E., 
P.O. Box 1692, Cape Town. 


Book Reviews 


he concludes that mixes having discontinuous or gap 
gradings can present superior placeability and behaviour 
in comparison with those having continuous straight line 
gradings with the same water content, cement-aggregate 
and sand-stone ratios. In support of his argument the 
author presents the results of his experimental work 
in great detail, so that the reader can decide for himself 
whether or not he has substantiated his conclusions and 
his claim that his research confirms theoretical argument 
and M. Feret’s observations that “as always, one re- 
discovers the laws of discontinuous mixtures which | 
proposed fifty years ago.’’ If one criticism of a work 
which represents so much painstaking investigation may 
be permitted, it might be said that the argument is 
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obscured by the wealth of detail. A shorter version, 
containing just so much as is necessary to substantiate 
the author’s conclusions, would be valuable as a warning 
against the blind acceptance of standard specifications. 
RCV Rae 


Fundamental Principles of Reinforced Concrete 
Design, by W. T. Marshall, Ph.D., M.I.Struct.E., 


A.M.I.C.E. -(London and Glasgow: Blackie, 1951). 


176 pp., 84in. xX 6 in. Price 20s. 

In his foreword Professor Marshall makes it clear that 
he is producing a book mainly for students of Universities 
and technical colleges. 

Having this fact in mind, the book is a most useful 
addition to those produced on R.C. design. It sets out 
in a clear and concise way the principles of design and 
develops the formule in stages which are easy to under- 
stand. 

The practising engineer will find it quite refreshing 
reading, but he must not expect to discover the “‘aids to 
design ”’ often used in the drawing office. 

One small criticism is that in the “ Steel Beam 
method of reinforced concrete beam design no reference 
is made to the limitations of such a method. 

A chapter is included on the plastic theory of design 
and another on prestressed concrete. These subjects 
are not treated in any great length, but an introduction 
is given to enable a student to understand the general 
principles. The bibliographies attached to these and 
other chapters.are most helpful for following up purposes. 

Fully worked out and practice examples, with answers, 
are well chosen and adequately illustrate the text. The 
book is an excellent production and can be recommended 
with confidence. A a ght: 
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Strength of Materials, by G. A. Olsen. (London : 
Allen & Unwin). 9$in. xX 6in. 442 pp. 32s. 6d. 

Starting with elementary statics and simple stress 
systems, the author develops the theory of thin cylinders 
and spheres, the design of simple welded and riveted 
joints, and proceeds to shear-force, bending moment 
and deflection diagrams for simply supported, built-in 
and continuous beams. All deflection diagrams are 
calculated by area-moment method. There follows a 
section devoted to the design of columns. The book 
concludes with a treatment of combined stress systems 
and a note on stress concentrations and fatigue strength. 

The subject is presented without using calculus. In 
avoiding the mathematical notation of calculus, the 
verbal exposition sometimes becomes rather complicated. 
In the treatment of slender columns the expression for 
Euler load is given without proof. 

Some of the minor difficulties in understanding the 
text are no doubt due to the unfamiliarity of the Ameri- 
can terminology, the expression for the solution of a 
quadratic equation, for example, is given (with a mis- 
print) as the ‘‘ Binomial theorem.” It is perhaps 
more serious that examples worked to American Codes 
do not always conform to practice laid down in corres- 
ponding British ones. 

The diagrams are excellent and many problems are 
given, some having answers supplied. As the book 
covers the fundamentals of the subject in a fairly 
descriptive way for the non-mathematically minded 
student, it is unfortunate that ec! methods find 
so little space in it. ER 


Advanced Strength of Materials, by D. A. R. 
Clark. (London : Blackie, 1951). 342 pp., 8?in. x 6 in. 
Price 35s. 

This book, recently published, is w ritten as a sequel to 
the author’s ‘‘ Materials and Structures,’’ and is intended 
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to cover Part II of the London University Engineerir 
Degree Examination in “Strength of Materials”’ ; 
well as various other University and Professional Exar 
inations of a similar standard. 

It is divided into fourteen chapters dealing wit 
direct stress and strain ; beams, encastre beams, co! 
tinuous beams, stresses in beams ; strain energy, torsio 
compound stress ; thick cylinders ; struts ; curved bars 
stresses due to rotation, flat plates ; vibrations an 
whirling of shafts. 

Included in the text are more than 80 fully worke 
examples, whilst questions are set and answers given + 
over 130 more. These constitute an invaluable aid 1 
the student whether working privately or in a colleg 

Although written perhaps more from the standpoint } 
the mechanical engineer than that of the structur 
specialist the latter will find much of interest, especial 
in the chapters on beams and struts, strain energy ar 
torsion. 

The author and publishers are to be congratulated 
the neat and clear diagrams and on the general attractiy 


. set-out of the vast amount of mathematical wor 


providing easy conditions for reading. A SAS 


Structural Theory, 4th Edition, by H. Sutherlan 
and H. L. Bowman. (New York: John Wiley, 1950 
London : Chapman & Hall.) 394 pp., gin. x 6 in. 40 

In the fourth edition of this book, a number of in 
portant additions have been made, particularly in tt 
chapters dealing with slope and deflection, and rig: 
frames, and much material has been rewritten. 

The book deals primarily with the study of structur 
stress analysis and has chapters on graphic statics, ro 
trusses, truss and girder bridges, long- span bridge 
portal, rigid and space frames. 

The historical development of the theory of structur 
is included, and the various methods of structur 
analysis now in use are described, including the Hard 
Cross column analogy method. 

The book is valuable as a textbook for advance 
students and also as a reference book for practisir 
engineers. 


An Introduction to the Design of Timber Struc 
tures, by Philip O. Reece. (London: Spon, 194¢ 
235 pp., 82 in. x 54 1in., Figures and Tables. 16s. 

The wrapper states that Mr. Reece’s book has bee 
written as a key to the information on Modern Timbs 
Mechanics put at the disposal of the designer by researé 
institutions. 

The author, in his preface, hopes that “the boc 
will interest engineers who know little about timbe 
timbermen who know little about engineering, ar 
students who wish to learn something of both.” 

Personally, I expect to learn something of the desig 
of timber structures when I study a book so titled, ax 
it seems to me that in keeping faith with the declaratio: 
on the jacket and in his preface the author of this bo« 
has devoted too much space to elementary theory — 
structures of materials, data on various timbers, aa 
(of interest in this connection only to a testing or resear’ 
engineer) statistical analysis. There is no one I kne 
more competent to write on timber design than 
Reece, and I look forward to his next book, which 
trust will be so arranged and planned as to form 
compact reference book for the busy engineer, timbe 
man or student. 

Design of Timber Structures contains excellent da 
on the design of connections, demonstrates most ak 
the modifications of normal structural design necess 
with timber as a medium, and a carefully referenced a 
exhaustive bibliography. N.M.B. 


| Summary 

__ A method is presented for analysing portal frames of 
everal continuous spans, attention being directed in 
the main to frames in which individual bays have 
symmetrical roof members. 

__ The approach is essentially one of relaxation.! Rota- 
ional and linear movements are applied at the eaves 
joints so that, in the final condition, the out-of-balance 
_ thrusts and moments are negligibly small. The deflected 
ay of the frame under load is therefore obtained, and 
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Pinned Base 


_ A worked example of a 5-bay workshop-type portal- 
framed building under one condition of loading is given. 


Introduction 
As a preliminary to the analysis of a frame, consider 


the component members shown in Fig. 1. The roof 
nember is symmetrical and the column may have either 
ed or a pinned foot ; each member had constant E/ 


g its length. - 
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Analysis of Continuous 


Ridged Portal Frames 


By E. Markland, B.Sc., A.M.I.C.E., A.M.I.Struct.E. 


We consider the moments and horizontal forces 
which are required to produce certain unit deformations 
of the members. Moments and angular displacements 
are reckoned positive when clockwise, and horizontal 
forces and linear displacements are reckoned positive 
when to the right. Unit angular deformation is denoted 
by A6 = 1 and unit linear displacement is denoted by 
Au = 1. Fig. 1 shows the moments and forces which 
must be applied to the ends of members in order to pro- 
duce unit displacements at either end of the roof member 
and at the top of the stanchion. 

The derivation of each of these results is not given, as 
they may easily be obtained by, say, slope-deflexion 
analysis. For example, if F denotes the left-hand end 
of the roof member, O the ridge point and R the right- 
hand end, we have for A# = 1 at the left-hand end, 
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In any problem the first step in the solution will be to 
substitute numerical values into the expressions given 
in Fig. 1 to obtain numerical values of the stiffness of 
members. Any multiplier to make the values of EJ a 
convenient fraction of their actual values along corres- 
ponding members of the frame may be used. 

The next step is to apply the load to the framework, 
considering the joints to be restrained against movement, 
so that fixed-end moments and forces are set up at the 
ends of loaded members. These moments and forces 
may be considered to be carried by the restraints at the 
joints, and since no movement of the joints has yet been 
considered to have taken place, no moments have yet 
been produced in members not carrying applied load. 

Systematic displacements of the joints are now made 
in such a way that the moments and forces on the 
restraints are reduced to negligibly small values. 
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Moments round the frame are then calculated from 
the rotations and deflexions at the ends of the members. 


Frame Analysis 
Consider the frame shown in Fig. 2 to be divided into 
the basic components shown. Values of moments and 
horizontal forces required to produce unit displacements 
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at the ends of the roof members and at the top of the 
stanchions have been calculated by substitution into the 
expressions of Fig. I. 

A unit rotation at A, will require a moment of +27.7 
at the end of A,A, and a moment of +63.2 at the end of 
A,B,. The total moment required to rotate the joint A, 
will then be +-27.7 + 63.2 = +90.9. This unit rotation 
also requires a horizontal force of +5.93 on the end of 
A,A, and a horizontal force of —5.93 on the end of 


_A,B,; the total horizontal force is therefore +5.93 


5.93 = 0. Itis convenient to set out this information 
in an operations table, in the first line of which the 
operation representing a unit rotation A0,, = I at A, 
is Shown to require a change of moment at A, of + 90.9 
and zero horizontal force at A,. The second line gives 
corresponding values for a unit displacement Awa; = I 
of A, and is obtained by inspection of the forces and 
moments on the components shown in the figure. 
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If A, and A, were not allowed to move when the 
loading was applied, then 0,, = us, = 0, and the 
moment M,, at A, on the end of A,A, would be the 
fixed end moment. The rafter length is 12 ft. (measured 
horizontally) and it is subjected to a vertical uniformly 
distributed load of 120 tons, so the fixed-end moment at 
Ae is 


120 X12 
I2 


The horizontal force to the right at A, may be found 

by taking moments for the rafter about the ridge, and is 
4(120 X 12 —120 x6) = +180 

These values are set down in the appropriate columns 
in the first line of the relaxation table. It is our aim 
to reduce M,, and Ha, to zero (or to negligibly small 
quantities) by imposing changes to 6,4, and to “a,, 
ie., by allowing A, to move from its initial position. 
The operations table indicates what changes should be 
imposed, Aa, = +1.32 produces AM,, = +120, 
and Awa, = —48.6 produces AH,, = —180 ; these 
are recorded in the lines of the table, current totals being 
kept inthe Mand H columns. The unbalanced moments 
and forces at A, have now been relaxed, that is reduced 
to zero, and moments at points in the frame are calcu- 
lated from the known displacements and the known 
stiffnesses of the members. 

This example is particularly simple for two reasons. 
Firstly, the frame and loading are symmetrical ; we can 
therefore say at the outset that 9,5 = wa, = 0 and we 
do not consider displacements of A,. Secondly, values of 
inertia of the members have been chosen such that the 
cross terms in the operations table are zero ; having 
reduced M,, to zero, the subsequent operation Awa, = 
— 48.6 does not disturb it. In general this is not the 
case, and a converging series of successive approxima- 
tions must be used to obtain a solution. 

Neither of these simplifications exist in the frame 
shown in Fig 3. The operations table must therefore 
include six displacements (two at each of A,A, and A,). 
It is filled in by inspection of the figures immediately — 
above the table. For example, if A®,. = 1 ; AMa, =| 


+27-7 +27:7 +55.0 = +110.4, AMs, = —3:0m@ 
AMag = —3-96, AHa, = +5-93 +5.93 —5.16 = 
+6.70, AHay = —5.03, Abas = 5.93; : 

In addition to the six basic operations, the table 
shows the operation Awa; = I, Ata, = —1, acting 


simultaneously, and the block operation Awa; = Attsg = 
Atag = 1. The former group was formed because by 
inspection of the frame we see that the horizonta 
displacements at A, and A, will probably be about equa’ 
and opposite. The latter block operation will probably 
be useful to reduce the total horizontal force at eaves 
level to zero. Such group and block operation may be 
formed intuitively and shorten the relaxation tabl 
considerably ; the block operation is likely to be 
valuable in any problem. 
Fixed-end moments and forces have been entered ir 
the first line of the relaxation table with the correspond. 
ing values of 6’s = u’s = 0. At (a) a group operatior 
has been used ; the magnitude being chosen to reduce 
H,, to about zero. The rest of the table down tc 
(b) represents relaxation by basic operations, curren’ 
totals being kept in the table. At (b) it appears tha’ 
all M’s and H’s are satisfactorily small, and the tota 
current values of 6,,, #4,, etc., have been entered a’ 
(c) by addition of all the changes up to this point 
Using these values of 8's and u’s the values of all M’s ane 
H’s have been recalculated from the relevant coefficient: 
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jof the operations table and their initial values. For 


example, 
Ma, === 120 
3-9 0X 1-827 = +322.2 
3-3.9X''=3.90 = +13.1 
320077 = —22.8 
W827 ==5.03 180.7 
+2.8 


All calculations reported here have been done using 


\a slide rule, but it is obviously quicker to perform this 
‘recalculation on a calculating machine. 


It will be noted 
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Y% = V9.2 = 01086 ty > 0:1086 +0:0200%6-8 + +0245 
1*X6Ef.,9 = 0-0200 43 = 0-086 -0:0200 x/S*2 = -0-/96 


fqvivalent to unit moment at A_on analogous colmn. 


4, = 0:00295 x 6G = +9-020/ 
43 ¥ -0:00295 x 152 =~ 0:0448 


4 = 100 at C of Stanchion. 
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at the new moments and forces differ from those in 
(b). The discrepancies are due to rounding off 
Trors when relaxing (no decimal figures have been 
ed up to this point in the body of the table) and to 
thmeticalerrors. It is the essence of relaxation method 
execute the arithmetic as quickly as possible when 
axing and to make accurate checks such as line (c) 
frequently as desired. The new values are now 
telaxed to line (e) where a final check shows very small 
Temaining M’s and H’s. 
The calculation of frame moments is shown at the end 
fi the table. It is interesting to note that if values of 
Vs and u’s from line (c) of the table had been accepted 
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in view of the moderate size of M’s and H’s remaining 
at this point, the errors in frame moments would have 
been small. Values calculated from line (c) are shown 
in brackets on the figure. What, in effect, we are doing 
in accepting 6’s and w’s from line (c), is to calculate 
frame moments due to the specified loading less the 
loading represented by the values in the line, viz., 
Ma, = $2.8, Ha, = —0.2, etc., and it is obviously a 
matter of the designer’s discretion to decide whether 
the error caused by this additional loading is of any 
practical consequence. For practical purposes the 
values in line (c) could be accepted with confidence. 

In dealing with a frame such as that illustrated on 
Fig. 4, in which the stanchions have a change of inertia 
within their lengths, it is not possible to obtain values 
of stiffness of these members from Fig. 1. Reference 
may be made to charts? which give properties of such 
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members, but in this example the necessary calculations 
by the method of column analogy have been set out. 
It is necessary to consider three conditions. Firstly, the 
moments and horizontal forces produced at each end of 
the stanchion by unit rotation at eaves level, secondly, 
moments and horizontal forces produced by unit sway 
without rotation at eaves level, and thirdly, fixed-end 
moments due to the applied loading. To avoid very 
small numbers in calculating the properties of the 
analogous column, an analogous column representing a 
stanchion with a roof leg of EJ equal to 1, and with a 
crane leg of EJ equal to 1/5 has been chosen for the 
calculation. The moments and forces required to pro- 
duce unit deformations of this stanchion have been 
multiplied by 100 to obtain those required on the actual 
column, which has values of EJ which are one hundred 
times larger. 
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Block operations A® = I representing uni 


end and one typical internal joint need be written int 
angular displacement at all eaves joints and AU 


the table. 


h it has been set out in full in the figure, it is 


rations table now covers twelve displacements, 
g 


The ope 
and althou 
obvious that for frames with many similar bays only the 


lay, 1952 


presenting unit linear displacement at all eaves joints 
ether have been formed. The relaxation table is 

en in full as originally worked, although, when the 

{M’s and H’s were recalculated, it appeared that mistakes 
have been made in relaxing Ma, and Ma,. The relaxa- 


tion was continued to reduce these errors to negligible 


values, and the full bending moment diagram for the 
frame is shown in Fig. 5. 

_ Examination of the earlier part of the relaxation 
table will show that where horizontal forces are being 
reduced from the left-hand end of the structure, they 
have not merely been reduced to zero, but over-relaxed 
from negative values to small positive values. For 
instance in the second line of the table Aus, = + 14 
has changed H., from —6.8 to +2.5, whereas Awa; = 
+10 would have changed it to —o.1. This apparently 
too large displacement is in anticipation of the subse- 
a change in Ha, when Hg is relaxed in the fourth 
ine of the table. 


‘ ; Az As. 


B3 


-. 


which indicates an overall error of 3 in moments. This 
ould be reduced by continuing the relaxation but in 
lew of the loading condition this is hardly worth while. 
Che load imposed by a crane wheel at C, will never be 
mown in fact to an accuracy of better than 3 in 100, 
nd, in any case, will include an arbitrary allowance of, 
one-fifth for impact. It may be noted that a force 
ves level of only 0.1 ton produces an overturning 
nent of over 2 ton-ft. 

for frames with unsymmetrical roof members as 
own in Fig. 6 (a) it is necessary to obtain the moments 
id horizontal forces which are required to produce unit 
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deformations by a preliminary calculation, as the values 
given in Fig. 1 refer only to symmetrical roof members. 
(Similarly, if the roof is unsymmetrically loaded, fixed- 
end moments for the rafters must first be calculated.) 
Provided that the rib is made up of only two straight 
members it is probably most convenient to do this by 


ae oer 0-03 


the slope-deflexion method as the only two unknowns 
are the rotation and displacement at the ridge. For 
more complex ribs with several straight components 
or of the arched type, it is more convenient to use the 
method of column analogy to obtain the requisite 
preliminary information. 

Fig. 6 (b) shows a typical frame which could be dealt 
with quite readily by the method described. Displace- 
ments of A,, As, Ey, E3, A; and A, would be considered. 
The members influenced by a displacement of A, would 
be A,A>, A,B, and A,F,. 


The Use of Models in Analysis 


With the increasing use of complex continuous frames, 
analysis by models is becoming common to provide a 
check on, or to supplant, calculations. Models of 
complete multi-bay portal frames may be unwieldy ; a 
model of the 5-bay frame in which the stanchions were 
five inches high would be about 5 ft. long. The overall 
length of the model may, however, be reduced by 
distorting the horizontal scale. 


Fig. 7 


Consider the two frames of Fig. 7 where the stanchions 
are identical but tne symmetrical roof members, although 
of equal rise h, are of different spans and inertias. 

q, ly 
Suppose that — = — 
Le ce 
Then it will be seen by inspection of F7g. 1 that moments 
and thrusts required to produce unit deformations of the 
roof member will be the same in each frame. The 
behaviour of the frames below eaves level will therefore 
be identical and the model may be made of the more 
cenvenient second frame. 

Suppose that a true scale model of the five bay frame 
had columns five inches high, rafter length of 5.75 inches, 
and bay spans of 10.9 inches, and the inertia of the 
rafter were represented in this model by a depth of 
0.3 inches. 

If, in the deformed model we wish for a span of 
4.5 inches with the same column height, the deformed 


—-— = SS et ae 
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rafter length would be 2.90 inches, and the required 
depth of rafter in this model would be 


3 [2-99 
O'. 47 oe = 0.24 inches 
3-75 


The width of the vertical roof legs would, of course, 
remain at 0.3 inches. This model would be rather less 
than two feet long. 


Conclusions 


It will be seen that the relaxational approach described 
above provides an alternative method of analysing rigid 
frameworks of several bays, which, until the publication 
of Dr. Francis’ paper® would have been very troublesome 
indeed. 

The process converges rapidly since the effective 
carry-over factor of moments in the roof member is 
—1/7, and although the carry-over factor of horizontal 
forces is —I, these forces are rapidly absorbed by 
stanchions, which, in an actual building, are likely to 
be much stiffer than the roof members. The use of 
block displacement at eaves level also provides a con- 
venient way of reducing total shear at eaves level to zero. 

Relaxation method does not appear to have become 
quite so popular among practising structural engineers 
as its merit may suggest ; perhaps this is because there 
are already so many satisfactory methods available for 
analysis of single bay portal frames. With multi-bay 
frames the method does show to considerable advantage ; 
the completion of the 5-bay portal frame as far as the 
end of the relaxation table took less than two hours of 
calculation. The operations table, although perhaps 
appearing involved, can be written straight down once 
the properties of the components of the frame have been 
calculated. The relaxation table can be stopped when 
the fixed end moments and initial horizontal forces have 
been reduced to any desired amount ; this means that 


A Theory for Strutt 


with Lattice or Batten Bracing 
By B. D Jones, A.M.I.Struct.E. 


Summary 


In this paper, it is assumed that the shear stiffness 
of a panel can be taken as distributed uniformly along the 
strut. ‘‘Secant’’ type formule (1), (2), (3) and (4) 
provide the crippling load of a strut with light shear 
bracing for the !simpler case of equal eccentricities of 
end load; formule (1), (4), (5) and (6) deal with the 
more general case of different end eccentricities and a 
uniform transverse loading. These formule differ from 


_ those for a strut with heavy shear brac'ng only in an 


extra term incorporating the shear stiffness. Expressions 
for shear stiffness of the usual forms of light shear 
bracing, such as lattice bracing, with and without posts, 
and batten bracing wth equal and unequal chords, are 
given by formule (7) to (12). 


Introduction 


In some cases of strut design the load is comparatively 
small or the length comparatively long. Thus, if the 
design is based on a compact cross section such as a tube 
or ‘‘ H.”’ section, the slenderness ratio (L/A) of the strut 
will be high. The failing stress will tend to lie well down 
the Eulerian part of the strut curve and to be small 


compared with the yield stress. 
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any desired accuracy may be obtained, so that in a 
tentative design made to check provisional scantlings 
a low degree of accuracy can be obtained quickly whereas 
in a final calculation the accuracy may be increased. 

The fact that the calculations give the rotations and 
deflexions at eaves level is useful in cases where suc- 
cessive loadings are considered. In the example given 
above a solution for crane load on the end stanchion 
gave values of 6 and u at the top of each of the stanch- 
ions. If we now consider the same frame with a similar 
unit loading at a penultimate column, the values already 
obtained may be used as a guide to provide an initial 
guess for rotations and deflexions in this case. Such 
a guess may be 
Q4, == 0,2 O49 = 0,2 Ong = 0.4 Oa, = 0.2 94, et 

0.1 
Way = 3 Uag = 12 Ung = 5 Hag = 3 Ua5n = 2 Uag = 1 
and the relaxation started from this point. 

The method may obviously be extended to deal with 
any system of connected arches, but in view of the 
popularity of ridged portals with symmetrical roofs 
some generality has been sacrificed to simplicity in the 
presentation. 
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A higher failing stress is obtained if the radius « 
gyration (kK) can be increased. One method uses tw 
light longitudinal members (chords), with much light 
transverse members whose function is :— 

(a) to hold the chords apart so that a large value « 
‘““ K”’ is achieved ; 

(b) To form the shear connection between the chord 
i.e., the bracing of the strut. 

As is usual with members of a structure, there are bot 
strength and stiffness requirements for the transver 
members. 

The bending moment in the strut, whether due ~ 
end moments or transverse loads, will vary along tl 

aM 
strut. There must be shear force 


producing tk 
dx 
variation. This shear force provides a strength criteric 
for the bracing. In the case of structural steelw 
struts and columns used in buildings and bridges, th 
have long been empirical rules for the strength of latti 
or batten bracing. For example, that the bracing shi 
take a shear stress of 600 lb. per sq. in. or resist a she 
force of .025 of the compression force. The case h 
also been discussed theoretically in ref. (1) ; though 
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der to find the shear force in steel columns with light 

bracing, the simplifying assumption was made that the 

effect of shear deformations can be neglected. Naturally 

\these rules cannot be applied to other types of struts 

with light shear members. Other types include metal 

‘scaffolding ; the builder’s or window-cleaner’s ladder ; 

, e plasterer’s steps ; the boom of a jib crane ; water 

tower frames ; multi-storey single frame buildings 

‘without internal partitions, etc. 

In addition, a stiffness criterion is necessary. Excessive 
‘shear flexibility increases the offset of the end load, 
which leads to an increase in the bending stresses in the 
‘chords (jtist as the lack of flexural stiffness does with a 
‘strut of compact cross section). The effect of shear 
‘deformation on the critical load of the centrally loaded 
column has been discussed as a case of elastic stability, 
Ref. 2, page 139- The result is strictly applicable to 
“long’”’ columns only. For “short’”’ columns, the 
‘Eulerian type of strut formula gives a critical stress 
‘greater than the yield stress of the material and this 
difficulty was overcome by replacing the modulus of 
elasticity by the reduced modulus, Ref. 2, page 196. 

_In the following, the critical load will be taken as that 
which produces the yield’ stress in some part of the 
column. This approach gives a “secant” type of 
formula, which is applicable to columns of any slender- 
‘ness ratio. 
ad 
Noration 
A= area of cross section, of a prismatic bar or of 

both chords of a built-up column. 

Az, Aq, Ay, Ar, A, = cross sectional area of batten, 
diagonal, post, right chord and left chord 
respectively. 

7 spacing of the battens or posts of a built-up 


a 
4 column. 


distance between chords. 

Young’s modulus. 

eccentricities of applied end loads. 

end load at any section along the column. 
modulus of rigidity. 

shear strain per unit force. 

4 A }? = moment of inertia of a built-up 
; column. 

Tp I¢ I; Ir = moments of inertia for batten, chord, left 
a chord and right chord respectively. 

ee proportion of shear taken by one (the left 
here) chord of a battened column with 
unequal chords. 

= = moment at any section along the column. 

i = applied end load. 


> = 


P 


is defined by equation (1),f2=——_—__ 
EI(1 —gP) 
shear at any section along the column. 
applied uniform lateral loading. 

s, Zc, Z1, Zr = section moduli of the column, batten, 
chord, left chord and right chord respectively. 


Particular Case of Equal End Moments 


C Consider the column with pinned ends shown in 
ig. 1. The eccentricity is the same at both ends. 

To find the stresses in the column, the values of end 
ad, shear force and bending moment are required at 
ach section. The directions of M, F and Q shown in 
ig. 2 are positive in sign relative to the axes in Fig. 1. 
le Bicads on the top part of the column are shown in 
e. 2. The equations of equilibrium are : 


me cos8 + QO sin 0 = P Wea 2 Ob *- Sr, (ah 
Q =F tan 0 OT are 
M= —P(i + e ty) (c) 
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Making the usual assumption that the angle “ 6”’ is 
sufficiently small to say that sin © and Q (= F ap 6) 


are small compared with cos 6 and F respectively, then 
Q sin © is negligible compared with F cos 6. Then, 


F=Pp Rar oka Bo Some. ane) 


dy 
OF tan 6 ==,P tan.) =P = - . 9, ie) 
dx 


Fig. 2 


Fig. 1 


Equations (c), (d) and (e) give the forces at the cut 

section in terms of the unknown quantity 8 and the 

dy 

unknown variables y and —. 

dx 

must consider the deflection curve. The curvature is 

due partly to the bending moment and partly to. the 
shear force. 

The additional slope of the deflection curve due to the 
shear force is seen, from the detail at the cut section 
Fig. 3, to be the shear strain, which will be denoted by 
gQ, where the shear force a) varies along the column. 
The term “ g’’ is the shear strain due to unit shear force. 
It is constant for prismatic bars and when the column 
members are uniform in size and spacing. Its value 
depends on the type of structure used to carry the shear 
and on the stiffnesses of the shear members. Formulas 
for evaluating “‘g’”’ are given later. 


To get any further we 


Q dx 
Fe QrdQ 


o Lhe 


Slope 
Fig. 3 


The additional curvature due to the shear force is 
the rate of change of the additional slope. Adding 


al 


I1O 


this to M/EJ, the curvature due to bending only, gives 
the total curvature : 


dy M d 


go + gQ RO oe. NE 
ax? JEVE ax 


The sign conventions in this section are the same as 
those on pages 71, 135 and 239 of ref. (7). 
Substituting from (c) and (e) and rearranging, 


a*y iP 
= (Sie Beal ys Pe aR 
ax (1 —gP)EI 


The solution of this differential equation is the equation 
of the deflection curve, 


ph 8s ee) (= c0s Pa. eee Ce) ee 
P 
where £2? = ———_———_ By he eae ae. es 91) 
EI(1 —gP) ; 


It can be shown that this is a solution by differentiating 
twice and then substituting for d?y/dx* and y in equation 
(g). This is the particular solution because it satisfies 


dy 
the end conditions that both y = O and — = QO, at 
Bence ne dx 
L 
Putting x = —., the half length, gives 
2 
pL 
S = (8 + e) (1 —cos —-) 
2 
1 —cos pL/2 
s =e — a (2) 
pL 
cos — 


The forces at the cut section are now determined. The 
bending moment, from equations (c), (h) and (i), is 


Vee os COSN PINS a an we, ea BTA) 


Be 
The shear force at the cut section is, by differentiation, 


Pe 


Se SSU DEE oe ee aera (3) 
L 


The end load at the cut section is given by (d), 1e., F = P. 
The extreme fibre stress due to end load and bending 
moment, at any section along the column is 


P 
— —_+ — 
A Z, 
a Pe 
em 7 COS: Pig eet en umes 4) 
pL 
A Zcos — 


2 
where Z = } Ab for the type of strut considered here. 
The maximum value of stress is when cos px = I, Le., 
at x 00. 

The stress due to the shear force cannot be given in a 
form applicable to all types of column bracing. Thus, 
for a prismatic bar, the average shear stress is Q/A ; but 
with lattice braced columns for example, the shear force 
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gives direct stresses in the bracing members. This is 
treated in detail later. | 


The Pinned Strut with Unequal End Eccentricities 
and Uniform Lateral Loading 

The quantities ¢,, ¢,, w, y and z are positive as shown. 

in Fig. 4. | 


Fig. 4 


From the equations of equilibrium of the strut, Fig. (4), 
wl P (e, —é,) | 


2 L 
From the equilibrium of the top part, Fig. (5), 
Q cos 9 —R, + wz = F sin 0 


we 
M=P(,4+y) +R 
2 
Substituting for R, etc., 
wl P. (@, —€) dy 
Q + wz = P— 
2 is dz 
Differentiating. 
dQ dy 
— =—w+P 
dz dz 
As before 
dy M d 
aang + 
dz Ef dz 
dQ 
Substituting for M and , and rearranging, 
dz 
dy gwEkl 
poe 2 a - 
az pe 
wL e* —e, we" 
Saher i Sie 
2P LE 2P. 


The solution of this differential equation SIE Os 
the end conditions that y = O at x = O and x = L is 
the deflection curve. 


iB sin p (L —z) z 
| y= Gy | Ie ie ] 
i sin pL ne 


: sin p (L —2z) sin pz Wz 

[ Bee a 
Losin pL sin pL 

| The expression for the deflection curve when shear 
(deflection is neglected is given in ref. (6), page 347. The 


gwEkl 
difference here is only in the additional term and 
P 
Le: 
The usual 


‘im the modified value p = —__. 
i (x —gP)EI 
expression can be obtained by putting g = O, i.e., when 

the shear strain is negligible. 
_ After substituting and simplifying, we can write the 
bending moment at any point as, 
sin pz ] 
sin pL 


| sin p (L —2) 
i — oe = a 


sim pL 
w 
a mG + gwkI ) 
pe 
7 sin p(L sin pz 
sin pL sin pL 


The shear at any ony is, 


e» [— cos p (L —2) +-e cos =| 
sin pL 


cos p(L — z) —cos pL 
i p a gwEI yl ] (6) 


sin pL 


Prof. A. G. Pugsley has suggested deducing these 
esults direct from the generalised theorem of three 
noments, i.e., generalised to allow for end loads and 
lear effects. 

Formulae for ‘‘g” the Strain due to Unit 
Shear Force 


eer en“ Rey oma 


Prismatic Bars 

In the case of columns made of prismatic bars, the 
fect of shear deflection on the column strength is 

ligible. This is due to the comparatively thick 

et web. Typical formule are given only for the sake 

ompleteness ; the method is in ref. (3). 


aap ae 

For a circular cross section, g = (7a) 
AG 
q I.20 

‘for a rectangular cross section, g = (7b) 
AG 

01 an “I” section with the shear acting in the plane 

the web, 
I.0 
—— approximately (7c) 


(Area of web only) G 
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LaTTICE BRACED COLUMNS 


It has been shown, ref. 2, page 143, that with “ N ” 
bracing Figs. 6, 7 (a), 
I 
sa << 1 eo} 
Aak sin 2 cos? 2 aAy E 
Fig. 6 
When there are no posts, Fig. 7 (b), 
5s 
ae She dn.) Rare Ue (9) 
AaE sin © cos? @ 
Thus the shear strain is less than above ; i.e., though 


using less material, the shear bracing is stiffer without 
the posts. (Just as a spring with a few coils is stiffer 
than a spring with many coils.) 

With double bracing of this type, Fig. 7 (c), the values 
of “‘g”’ and stress are halved. 
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(6) 


Figs. 7 


(a) Coe 
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If the chords are flexible, failure may occur by pre- 
mature buckling over the chord’s length between battens. 
This local strut stress provides the critical value for the 
stress under load obtained from equation (4). The ratio 
of the local effective length to the distance between 
nodes may be all-important. With the lattice braced 
column, as used in structural steelwork, the problem is 
automatically solved by the sturdy proportions of the 
design. Transmission towers, etc., are another matter ; 
the author can only refer the reader to ref. (4). 


LaTTICE BRACED COLUMNS WITH UNEQUAL CHORDS 
There will be no change in the strain due to unit 
shear force. The values of “ g’”’ are independent of the 
area of the chords. 
The neutral axis of the column will move from the 
centre towards the larger chord. This affects the value 
of the eccentricity. 


BATTEN BRACED COLUMNS WITH EQuaL CHORDS 
It has been shown, ref. (2), page 145, that 
ab L2G a® I 
=3 + + —- x eR EO) 
I2ETpz bAgG 24EIc i—= 
where the terms, see Fig. 8, are respectively due to the 


(a Q) 
local bending of the batten, the shear — in the 


batten (assumed of rectangular cross section) and the 
I 
local bending of the chords. The expression 
‘ Ji 2! 
gives the influence of the local end load on the bending 
of the chords ; “‘ «”’ being the ratio of the local chord 
load to the Euler load of the chord, taking—for very 
stiff battens—the batten spacing as the effective length, 
161, 
mP 
4= — <A RAN Se Uh Sen EOE) 


ae 
Tests justify equation (10) if there are at least six 
panels, see ref. 2, page (147). Unfortunately the ranges 
of stiffnesses of battens and chords are not given. 


Fig. 8 


For a centrally loaded column, as treated in ref. (2), 
m = 0.5. For equally eccentrical loading, mP will vary 
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along the column, being $A times the stress from 


equation (4). As an approximation for “‘m,” take 
(Pw Pe} 

the value at the column ends, — + —>; this, how- 
5 b 


ever, will not be conservative. 
ad 
The complementary shear, — (which provides the 
b 


increment of end load in the column) gives local bending 
in the batten. The maximum local bending stress in 
the batten which occurs at the panel joint, is 


a Q b 
b t. 2, aQ 
= = spl 
Liss 205 
1.5 aQ 
The shear stress in the batten = ——— : (Zoc) 
bA» 


The shear force is taken up the panel in the individual 
chords. The resulting local bending stress is a maximum 
at the joint. 


= ——__—_ = —— .. . . (rod) 


Thus bending stress is additive, at the extreme fibre, to. 
the uniform stress in the chord given by equation (4). 

The individual chord member can now be considered 
for known stresses which vary along the length of the 
column. The equivalent length of the chord member 
is unknown. The author does not claim to have 
anything useful to suggest as an approximation to the 
equivalent length, save in the two limiting cases. When 
the battens are extremely flexible compared with the 
chords, the equivalent length of the chords approaches 
the overall length of the column—and the extremely 
flexible battens are serving no useful purpose since the 
chords function separately. When the battens are very 
stiff comparatively, the equivalent length of the chord 
is of the same order as the spacing between battens. In 
structural steelwork, the empirical rules for battens tend 
to provide stiff battens. 


BATTEN BRACED COLUMNS WITH UNEQUAL CHORDS 


Examples of unequal chords are often found in 
buildings with an overhead travelling crane. 

An assumption is made that the shear stiffness of a 
panel can, when divided by the batten spacing, express 
the shear stiffness per unit length of the column. 

The coefficient “ k,”’ giving the proportion of shear k€ 
in the left chord, can also be used for approximate 
calculation of Vierendeel girders. It gives both the 
division of shear between the chords and the position o 
the point of inflexion of the battens, and equation (11 
agrees with the experimental determination of the 
point of inflexion of ref. (5). 


The element in Fig. (g) is acted upon by the shear 
a 

+Q horizontally and + — Q vertically. The co 
b 


efficient ‘‘k ,”’ is obtained from the conditions of con 
tinuity. The element ABCD can only join a simila 
element above or below, when 


ARE CD 
b— (d, + dy) + (ds sy 7 oe 
A,tdg=adgtd . ae 


k)Qa on the right end and of kQa on the left. The 
sular deformations at the batten ends are 


kQab (1—k) Qab 


oo 
3ETsz 6E Tp 
Qab 
= (3k—1) 
6ET: 


kQab (1—k) Qab 


wa: = — 
3 6ETp 3ET. 
Qab 
= — (2—3h) 
6ETy 


; aQ 
q Se 26 


eA (-k) QE l= - 


obey 
i aa 


Fig. 9 


a 
Dee ~ 0, Xx a 
Zz 
a 
Gen One 6 — 
Z, 


t the tip, 


aN3 it 
: 4 a ag (<) 
2 3EI, 
Qa 
ae 
24kEI, 
Qa® 
dy = (I—k) 
24ETrR 


S bstituting for ‘‘ d,,” etc., in (a) and simplifying, the 


0efficient required is 


b a 
6— + — 
Ip Ir 
k= —_—— (x1) 
ba a 
12 —+— — 


From the case of a cantilever with a concentrated load 
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The strain of the element due to unit shear force is 


I d, + dy 
if SS ~ eee 
Q a 
ab ’ a 
= (3R—=1) + ik 
6ETz I2EI, 


Substituting for “rk” 
1267 4b fa a a a 
+i(=+s)ee. 
a I3? ie eles 3, eds Tp I, 


Iz Ir I, 


To obtain the same shear flexibility for the half 
element at the end of the column, Fig. ro, we require, 
ds + de et dy = ds» 


Fig. 10 


Here, d, is identical to d,, being the deflection of the 
same cantilever under the same load. The moments 
applied to the batten are 4(1—k)Qa at the right end and 
$kQa at the left. As above. 


Qab 
IZ2HI’s 
a 


andid; ="(0', x — 
2 


i 


(32—1) 


Thus d, and d; are equal if 
Ls el ae ee ay Pt car, etal. nek) 


This is the condition to maintain the same value of 
‘““e” at the column ends. Since it is normal practice 
to use a heavier end batten, it will be conservative to 
treat the end half panel as having the same shear stiffness 
as the rest 
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The Structural Engineer as Arbitrator, : 


Expert Witness and Advocate 


Discussion on Mr. G. B. R. Pimm’s Paper* 


The Author's Opening Remarks 
In presenting the paper, the author said that in 
arbitrations relating to building contracts the issues 
might be wholly legal, wholly technical, or partly legal 
and partly technical. With regard to the first, he was 
doubtful whether the dispute ought to be referred to 
arbitration at all. It could probably be settled much 
better in the Courts. If it were referred to arbitration 
the arbitrator should be a lawyer. It was equally 
certain that when the matters in dispute were wholly 
technical, the arbitrator should be a technical man, and 
it was of the utmost importance that he should be 
appointed as soon as possible after the dispute arose. 
This was specially important when any kind of structural 
failure or defect was involved, for the arbitrator could 
then form his own opinion, from actual inspection, and 
examination of the facts, and would often be able to 

reach his decision without further evidence. 


Such considerations also resolved the question as to 
whether the hearing should be formal or informal. 
Although it was always assumed that it should be 
formal, there was nothing in the Act to that effect. The 
Act said a great many things about the appointment of 
the arbitrator, what would happen to him if he mis- 
conducted himself, and other matters, but gave little or 
no guidance as to the actual hearing. And, after all, 
that was in line with the law relating to things in general. 
In every human activity, whether it is driving a motor- 
car, going fishing, or getting married, we are subject to 
the law relating to those matters, but this does not 
mean that our every action should be determined by 
legal requirements. Furthermore, there is this great 
difference between such things and arbitration—that 
if we broke the law in those things, the custodians of 
the law could step in and call us to account, but in 
arbitration the law would not intervene unless asked to 
do so by one of the parties. 


Nevertheless, the author hoped he would not be 
understood to mean that in excluding the law so far as 
possible, the lawyers should also be excluded. There 
can be no doubt that in the presentation even of purely 
technical arguments, they are often invaluable. He 
would only urge them not to introduce the law in cases 
where both parties would be content that the issue should 
be decided on the facts, and on normal practice. 


Coming to expert evidence, the author said the only 
matter to which he wished to refer was the rather 
prevalent idea that the expert witness cannot do his 
duty to his chent without departing from the truth. 
That of course was a libel. Nevertheless, the oath to 
speak “the whole truth” did involve certain ethical 
principles. Obviously, it only meant the truth in so far 
as the witness knows it, but this does not quite settle 
the point. Engineers, probably better than most 


*Read before the Institution of Structural Engineers, 11, Upper 
Belgrave Street, London, S.W.1, on Thursday, November 22nd, 
BOATS : published in THE STRUCTURAL ENGINEER, Vol. XXIX, 
No. II, pp. 289-293. (Nov., 1951.) 
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people, were aware that nobody knows the whole truth 
about anything. There was always some item of the 
truth, not already known, which could be ascertained 
by the expenditure of further time and money—by 
research for example. What was the position of the 
expert witness in that connection? Everyone would 
agree that he should expend that time, and recommend 
the expenditure of that money, within reason, if it would 
help his client’s case, but was it still his duty to do so. 
if he knew that the information so obtained would be 
adverse ? The author suggested that since it would be 
obviously impossible to persuade a client to incur expense 
in order to procure his own downfall, the expert in his 
evidence could only emphasise that he spoke only out 
of his own knowledge of the truth. 


Mr. Pimm said he was particularly glad to see that 
they had with them Mr. A. H. Ley and Mr. H. Q. A 
Reeves. It-had been his privilege to be concerned in an 
Enquiry in which Mr. Ley had handled the applicant’s 
case very brilliantly, in the capacity of advocate, with 
Mr. Reeves as the principal expert witness, and he hoped 
they would both take part in the discussion. 


Proposing a vote of thanks to the lecturer, the Chair- 
man said he thought Mr. Pimm in his paper had given 
them an excellent example of brevity. 


There were two points in the paper on which he would 
like to comment. 


The first was the question of expert witness. He 
strongly advised any of them, provided they had the 
qualifications, not to shirk that task, for he knew of 
nothing more calculated to make them think clearly 
when endeavouring to prepare a draft of the evidence. 


The only criticism he would make of Mr. Pimm’s paper 
and his presentation of it was that he made it appeartoo. 
easy. That was just the natural outcome of his own 
facility in the matter. | 

Mr. Douctas WEaARE (Member), opening the dis- 
cussion, said that he had been consulted recently by a. 
firm of solicitors to report on a collapsed structure and) 
to advise their client upon the adequacy of the design 
and the cause of failure. 


From a personal discussion with the client before 
visiting the site, he formed the opinion that the design 
was unsatisfactory, and a careful site examination of 
the collapsed structure completely confirmed that 
opinion. At the conclusion of that investigation 
Mr. Weare found himself in the position that he would 
have been far better employed on the other side. 


The situation was one in which a consultant acting 
as an expert witness found himself due to receive his 
fees for producing a report which would utterly destroy 
his client’s case and possibly render him liable to heavy 
damages ; the exact opposite of what he was employed 
to do. 


In this case Mr. Weare offered to withdraw without 
producing a report. This offer was not accepted by the 


3 
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lient’s solicitor, however, and the report was submitted. 
he case was, fortunately, settled out of court. 


Changing sides being out of the question, Mr. Weare 
sked Mr. Gower Pimm for his views, in the circum- 
tances, of the offer to withdraw without submitting a 
sport. Was such a proposition ethically correct ? 


Also, in the event of such a case going to Court and 
he other side becoming aware that a defendant had 
ngaged an expert witness whose evidence could only 
ie damaging to the defendant’s case, could not the other 
ide subpoena the defendant’s expert witness and use 
tis evidence against his own client ? In those circum- 
tances how should such an unfortunate witness conduct 
amself ? 

| In other words, in such a case, how should the balance 
ie adjusted between the ethics of loyalty to one’s client 
nd the ethics of justice to the community ? Was it right 
‘0 suppress honest evidence simply to win a case and 
hould an expert witness consider himself bound by 
| aed to his client, right or wrong, to the exclusion of 
ll other considerations ? 

2 

_Mr. G. W. Tooxey, Q.C., remarked that since guests 
iad been invited to take part in the discussion, and as a 
fuest coming from a different profession, the legal 
profession, he would like to say a few words on Mr. 
Pimm’s paper. First, he would lke to congratulate 
um on the paper because it referred to many matters 
of interest which were perhaps not generally appreciated. 


One of the points which Mr. Pimm had quite rightly 
smphasised was that arbitration began to lose its attrac- 
ion unless the proceedings were conducted with con- 
idence in the arbitrator and in a spirit of co-operation 
between the parties in an endeavour to get a settlement 
of their dispute. Unless those conditions were present 
then arbitration was not really suitable and one-would 
be far better off in the courts. 


To put it another way, one might say that if there 
was a technical dispute that needed to be settled then 
one might go to arbitration. That was why they always 
put arbitration clauses in engineering contracts. But 
if the dispute was in the nature of a quarrel, or purely a 
legal dispute, then the Law Courts provided a far better 
forum. At any rate, he thought no one could complain 
that they did not provide in this country adequate 
facilities for the settlement of disputes. From the 
various forms of arbitration before lay arbitrators, 
professional arbitrators, official referees and trials in 
court, there was no difficulty in choosing a tribunal of 
y desired calibre for the determination of the matters 
in question. 


Arbitration could be of the simplest character, or one 
ould make it as formal and as elaborate as one liked. 
thaps one of the simplest forms of arbitration occurred 
n two motorists happened to be involved in a 
ion at some cross-roads and their cars suffered 
rficial damage. The motorists got out and started 
argument as to who was to blame, and eventually 
ing nowhere, one of them looked up and saw a face 
a window, and said, “ Let’s ask him about it.” They 
outed, and asked the face at the window if he saw the 
ident. He replied that he had, and one of the motor- 
s asked, ‘‘ Who was to blame ? ” and the face replied 
u were.” The decision was accepted, damages 
agreed at 30s. and paid on the spot, and everyone 
perfectly satisfied ! 


As regards expert evidence, Mr. Pimm had, for the 


oA 


st time as far as he knew, put down what were some 


ty useful practical points on giving expert evidence, 


we 
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and more particularly, and it was there that he was 
interested, on the relationship between expert and 
counsel. As regards examination and cross-examination 
there had to be the closest understanding between 
expert and counsel ; in highly technical cases they could 
not get on without it. 


As far as cross-examination was concerned, Mr. Pimm 
had rightly referred to the assistance which the expert 
could give to counsel in the cross-examination of the 
expert on the other side. That was perfectly true, and 
there was only one thing, which perhaps the lay client 
was more apt to forget than the expert, and that was 
the fact that the cross-examination must be built up on 
definite lines. The starting-point for any cross-examina- 
tion had to be an agreement between counsel and the 
witness on certain fundamental things. Having reached 
agreement up to a certain stage, counsel then proceeded 
to see how far the expert would go with him. He would 
not say it was impossible, but it was very difficult to 
change the line of cross-examination and go back and 
alter the premises. In practice it was very difficult to 
slip in an additional premise in the course of cross- 
examination. He knew if was often said, and it had 
been often said to him (when he pointed out. that a 
question involved a fact that they had not so far can- 
vassed), that the witness would accept the new fact, but 
the witness usually would not accept at short notice 
a new premise. 


Where the expert sitting in front of counsel could be 
so valuable was if he at the right moment could assist 
counsel by suggesting useful and pertinent questions to 
carry on a line of cross-examination which was based on 
the original premise and did not break the continuity. 

There were one or two other points which Mr. Pimm 
had suggested he might deal with. He had very pleasant 
recollections of a recent case in which Mr. Pimm and he 
had both been engaged. It was a titanic struggle 
which went on for a long time. They were trying to 
find out why a dock wall fell down, and then they tried 
to tackle the question as to why it ever stood up, and 
then having regard to the fact that it had stood up for a 
hundred years, why it should want to fall down. 

In the course of that long case the lawyers became 
very knowledgeable on the question of soil mechanics in 
relation to London blue clay, but they never found an 
answer to their question. That was not the fault of 
the experts who assisted counsel and the court in that 
case. Mr. Wentworth-Sheilds was on the other side, and 
the experts’ assistance was in the best traditions of the 
profession and in accordance with the precepts which 
Mr. Pimm had so wisely, if he might say so, put forward 
in his paper. 

He would conclude by answering his question of what 
was “‘ the truth, the whole truth and nothing but the 
truth.’’ He had expressed a difficulty. Mr. Pimm was 
not alone in that, he was in good company in expressing 
that difficulty. There was once a famous murderer who 
felt the same difficulty. He chose to give evidence in 
his own defence and when it came to taking the Bible 
in his hand and repeating the oath, he said, ‘‘ How can 
I tell the whole truth ; I don’t know it.” 

The answer to Mr. Pimm was exactly the same answer 
as was given to the murderer : “ You are only required 
to tell the truth in as far as you know it.” 


Mr. ROSENVINGE, a visitor, said he felt sure that many 
of them before hearing Mr. Pimm’s paper, were under 
the impression that arbitration must always involve 
members of the legal profession acting for and quite 
often representing parties at the hearing. Mr. Pimm: 
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had explained to them how arbitration cases concerned 
entirely with engineering matters could be conducted 
and settled by engineers without recourse to a battle in 
which legal representatives might choose to make an 
issue of matters having relatively little bearing on the 
main dispute. Of course, as Mr. Pimm had said, all 
cases could not be settled solely in the light of the 
arbitrator’s experience, his administrative technical 
knowledge and sense of equity. It might be that on 
occasions a point of law did arise, but surely in such 
instances counsel could be consulted in the same way 
as an engineer was called upon to give evidence as an 
expert witness in a court of law. That solution appeared 
just too easy, but it would be quite an advantage from 
the engineer’s point of view on account of the costs 
which often resulted from legal proceedings. Many 
consultants and contractors, when disputes arose 
between them over a contract, often agreed between 
themselves to accept a compromise settlement, and of 
course a compromise was not always very satisfactory. 
It was quite clear, he thought, that arbitration could be 
conducted on relatively informal lines and if an arbi- 
trator’s fees and expenses could be estimated in advance 
that method of settling the disputes which frequently 
arose on all public works contracts would surely become 
very much more general. 


Mr. A. H. Ley (Member of Council) said a reference 
had been made to a recent case in which Mr. Pimm was 
concerned. In dealing with that particular case he had 
learned the lesson that the preparation for an arbitration 
called for just as much quiet thinking as the preparation 
of a proof by an expert witness. The second thing he 
had learned was that if one was called on to deal with 
arbitration and to conduct it without the benefit of legal 
assistance, or, to put it another way, without it being 
conducted by a member of the legal profession, the first 
thing one had to do was to be very careful in the choice 
of one’s professional witnesses. Arbitration could only 
be really successful if the arbitrator was someone in 
whom all parties had complete confidence. Where the 
arbitrator was a man whom it was known understood 
precisely what was being talked about, then he thought 
the structural engineer was in an advantageous position 
over the lawyer in presenting his case, and in the par- 
ticular matter referred to by Mr. Pimm they had that 
great benefit. That case was not a matter of law at all. 
It was a matter of fact, and, while it took quite a long 
time to prepare that case, they had been able to dispose 
of it in a morning and half an afternoon. He could 
conceive that it could have gone on for.two days, or 
perhaps a week, in the normal courts of law. They 
finished the hearing and were able to part as good friends 
with the party on the other side, although at one time it 
did look as though what had started as a dispute was 
going to develop into a quarrel. 


The point about confidence was, he felt, the basis 
of success in arbitration. 


Reference had been made in the paper and again that 
evening to the London Court of Arbitration. For many 
years that court was presided over by Lord Leverhulme, 
at that time the Chairman of that great concern which 
bore part of his name. That company on many occa- 
sions every year had to have recourse to arbitration and 
frequently its cases were referred to the London Court 
of Arbitration, and on no occasion whatever was there 
an objection raised by the other party to that course 
being adopted. It was because of this perfect confidence 
in the arbitrator. 
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Dr. E. H. Bateman (Member) said that he ha 
listened with great interest but there were one or two 
points which he would like the author to explain. W. 
actually, was the difference between a technical p 
and a legal point? Could that be made clear b 
simple case? Was there, for example, a clear dis~ 
tinction between a case which went to arbitration or to 
tte Court of Chancery or the Queen’s Bench ? 4 


He said that he had heard of a case of an expert 
witness who had changed sides, not for the very good 
reason which had been mentioned in the discussion, but 
because he found that one of the parties had a longer 
pocket than the other! He asked the author to comment 
on the ethical standards of the expert witness. 4 


Finally, as a matter of general interest : the layman 
had an idea of legal costs as being tremendous. What 
was the actual ratio on the average? Could one get 
arbitration for about 1/roth of the cost of legal pro- 
ceedings, or was it like the ratio of the case which had 
been put up, a relation of 30s. as against £300 ? 


Mr. H. Q. A. REEVES, a visitor, said that it was often 
that the technical expert was called into a case rather 
late in the day. He might find that his client’s case 
was ill-founded. Whatever he found, it was his duty 
to stand by his client, once he had accepted instructions 
and was retained, provided that he was satisfied that there 
was nothing illegal contemplated. 


Technical experts should insist on seeing all the papers 
in the case, before accepting instructions. 


He had found on occasions that Counsel’s “‘ Advice 
on Evidence ”’ did not meet the particular case, because 
incorrect technical information had been given to Coun- 
sel. It was sometimes necessary for the technical expert 
to re-write the case in order to show it in its true light. 


If, after a technical investigation, the client did 
approve of the evidence you were prepared to give in 
court, they need not call you. Alternatively, they 
could terminate your services at any time by letter anda 
request for your account. Mr. Reeves did not know 
whether or not the opposition being aware of such a 
termination, could subpcena the expert with a view te 
making him disclose his findings in court. 


He imagined that this action could be taken, but he 
would like advice on this point. : 

Mr. W. R. Howarp (Member) said since Mr. Pimm 
had been invited to arbitrate on questions of ethics, 
could he put a problem to him ? 


Some months ago he had been approached to act as 
arbitrator, and he had foolishly consented to do so. A 
few weeks afterwards the firm of solicitors approached 
him again and asid, “ You agreed to act as an arbitrator 
on behalf of our clients. Now the other side have ap 
pointed an arbitrator, and the first job you two arbi- 
trators have to do is to get together and appoint 
umpire.”’ This has been done. 


Mr. Howard would like to know if at the hearing 
the case he was expected to be partial or impartial ! 


Mr. Lestiz TURNER (Past-President) thought th 
Institution was to be congratulated on having t 
paper in its proceedings because it did really crystalli 
so much information that it was difficult to find in an 
assimilate from books. One usually had to come by i 
through hard experience. ’ 


He was very glad to hear from high authority presen 
that truth was not really divisible. When uttering th 


= if “ the trath, the whole truth and nothing 
truth ” referred to various shades of truth ; and 
Teassuning to know that it was really a time- 
d tautology to extract “truth” as far as such 
n revealed to the witness. 


He thought that an engineer’s best approach to legal 
rb m proceedings was by way of an apprentice- 
ip a technical witness. He would then leam much 

watching and listening, apart from his own particular 
of giving evidence. He would then be better 
ed if the cloak of arbitrator, and certainly that of 
tte, descended upon him. Again, recourse to 
er would be enormously valuable. 


m his own experience there was one matter he 
like to have resolved if possible. When accepting 
tment as arbitrator one did not know until after 
nce whether the major point in dispute was 
cal or legal. It was of course similar with the 
Now, an engineer preferred and might justifi- 
consider he was better qualified to deal with a 
cal issue rather than a legal one, despite the fact 
a path in this respect was excellently indicated 
® author. The reverse might be thought to hold 
e Courts where judge and counsel were often called 
pon to wrestle with deep technical details that had 
sn engineers years to understand fully. 
times he had been appointed where the 
@ was of a purely legal or contractual nature, 
on other occasions he had laboured to get over 
al evidence in court cases where the issue was, or 
iid (in his opinion), have been predominantly tech- 
pad better dealt with by a technical arbitrator. 


ould some preliminary sieve be devised whereby 
se S were sifted out to some extent, and the relevant 
e 4 tion be made in contract documents ? 


a 


3 


t.-Colonel G. W. Kirxranp, M.B.E. (Member of 
acil) pointed out that a number of forms of contract 
low eet an arbitration clause, and the arbitrator 
a person to be appointed by the President 
ne of the Institutions connected with the type of 
: undertaken. 


ing the war he had had the job of handling many 

a t contracts. It had always occurred 
him as remarkable that in a works or construction 
atract between H.M. Government and another party, 
sovernment official was invariably referred to as 
wbitrator and appointed as arbitrator in the contract 
ocument. 

Phat had struck him as being unethical, and he would 
preciate Mr. Pimm’s opinion. 


Mr. G. Posen said that when reading the article and 
Sequently when listening to the discussion, he felt 
Mr. Pimm thought that the law should at no time 
srfere with the affairs of arbitration. He thought 
vould agree that that summarised his feeling that 
through the article. He sympathised with that asa 
ag because if people were going to decide on arbitra- 
as a means of settling their dispute why not leave 
n “completely free to abide by the decision of the 
a or and cut the law out a ls te ? That in the 
de days was a long-established part of our institutions 

at one time it was completely free. He thought he 
ight in saying that about the middle of the 
century the law became somewhat jealous of their 
and almost clamped down on arbitration 
ed that in many cases it would exercise its 
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influence for settling disputes in that way. To-day, he 
thought it was true to say that the Courts took the view 
that “people ought to be free to arbitrate without any 
interference from the Law Courts. In fact, in a recent 
case it had been made clear that apart from abuse in 
the administration of arbitration, the Courts would not 
interfere with the award of an arbitrator. But he 
thought it was going too far to say, as Mr. Pimm did, 
that the impact of the law on arbitration should be no 
more effective than the impact of the law on fishing or 
motoring or other such things. But he thought the 
comparison broke down because the arbitrator was 
acting on matters which were at issue between parties, 
but there were, notwithstanding, facts which were at 
issue and the arbitrator was dealing through his decision 
on them in the capacity of a judge, and in such a case he 
thought it right that the Court should have at some level 
the mght to look mto and inspect the proceedings to 
see that they had been conducted according to the law 
of natural justice. 


With regard to the engineer as his own advocate he 
had serious views and was not making his contribution 
because he had a vested interest in the legal profession. 
But it was said, and he was sure lawyers fully agreed 
with it, that there was no fool like his own lawyer. The 
reason being that he was too near the facts and too much 
involved to see the issue judicially. There was also the 
view that the legal necessities could be easily overdone 
and so easily obscure the principles of equity. He 
would suggest that it was the lawyer’s view that there 
was an equal danger in such proceedings of the technical 
necessities being overdone and thus obscuring the 
principles of equity, and it was because he felt that, that 
he felt some doubt about the general principle of the 
engineer being his own advocate. He thought it was too 
near the trees to see the wood. He was too involved 
in the intricacies of the thing to be able to present the 
thing with the clarity which was required. They needed 
those balanced views of things. 


With regard to expert evidence, he could only say that 
to read of an expert who could so judge what Counsel was 
likely to require as to have typed sheets prepared for 
him was a luxury from Counsel’s point of view. He 
congratulated Mr. Pimm on having arrived at such a 
stage in being an expert witness, and could only hope 
that in any proceedings in which he might be involved 
he could have such an expert witness. 


Mr. Pru, replying to the discussion and the questions, 
thanked the members for the very kind way in which 
they had received his paper. 

Mr. Douglas Weare had raised a point which he 
believed he had covered in his opening remarks. If 
Mr. Weare’s very proper offer to withdraw was not 
accepted, and he had been subsequently called, it was 
obvious that no blame could attach to him if his evidence 
was damaging. 

He thanked Mr. Tookey most sincerely for his remarks. 
There was nothing he could possibly add to them. 


Mr. Rosenvinge had made a suggestion that counsel 
should be called in evidence in the same way as engineers 
were called. That was provided for, in a way, in that it 
was quite common for an arbitrator to have a legal 
assessor to sit with him. He could then consult him on 
points as they arose, and it certainly did dispose of a 
good many legal points. 

Dr. Bateman had asked what was the difference 
between a legal and a technical case. That could be 
only deciced on the facts, but in a general way a dispute 


ar 
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as to whether something had been properly designed 
or not would be definitely a technical issue ; the con- 
struction of a particular document might be a legal 
issue. He was afraid he could not possibly answer the 
other question as to whether a thing would go to the 
Court of Chancery or to the King’s Bench. 


His question as to cost was one that could only be 
decided on the actual circumstances. An arbitration in 
which only technical men were engaged, and which was 
confined to technical issues, would certainly be much 
less costly than an action in the Courts. On the other 
hand, if legal gentlemen were engaged, the Courts would 
have the first call upon their time, and therefore, much 
as they might regret it, they would not be able to make 
their attendance at an arbitration as consecutive as 
they would wish in the event of there being several 
adjournments of the hearing. In other words, if they 
had a purely. legal arbitration, that arbitration would 
very often have to wait on the convenience of the Court, 
and might drag on very much longer than it would in 
the Court, where it would normally go on from day to 
day and be finished out of hand. 


He also thanked Mr. Reeves for his remarks, and the 
answer which he gave to Dr. Bateman. 


Mr. Howard asked a question about the arbitrator. 
That was provided for in the Act, and when two arbi- 
trators disagreed at the outset they then appointed an 
umpire. If they could agree on that, they then retired 
and he took over. The general tendency now was to 
discourage the,practice of appointing two arbitrators. 


Mr. Turner had raised a point which had interested 
him and might interest the Institution. He had 
suggested that the disputes should be sorted out as 
between legal and technical. It really meant that the 
form of arbitration clause in the contract to which they 
were accustomed might with advantage be altered. He 
had wondered if it was not possible to frame a clause 
which would ensure that a dispute would go to the Court 
or to arbitration according to the kind of dispute it was. 


In reply to Col. Kirkland, Mr. Pimm said he had had 
some experience of enquiries, which were not arbitrations 
within the meaning of the Act, where the arbitrator was 
a permanent official appointed by the Department 
concerned, to preside at such enquiries. In such cases, 
as would be expected, the proceedings were conducted 
with the utmost fairness. The case mentioned by 
Mr. Ley was a case in point, and they certainly had no 
reason for complaint there. In ordinary building 
arbitrations it was a bad practice. As he had pointed 
out in the paper it was discouraged by the Act, which 
gave the parties the right to apply for permission to 
revoke the authority of the arbitrator, even where they 
knew, when agreeing to his appointment, that he might 
not be impartial. 


Mr. Polsen, he thought, must have misunderstood him 
in two matters. He did not suggest that an engineer 
should be advocate in his own case, but merely that in a 
purely technical case an engineer should be engaged as 
advocate for one side, and another engineer as advocate 
for the other. That, he thought, cleared the point, but it 
would be only in cases which were clearly from beginning 
to end of a technical nature. 


He thought the difficulty about the impact of law on 
arbitration was really a question of case law. The 
case law of arbitration must obviously always be very 
incomplete because only those arbitrations which had 
been transmitted to the Court, for one reason or another, 
were reported. Therefore the body of case law relating 
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to arbitration could not be complete. At an Arbitration D 
not long ago it was suggested that the duty of the 
quantity surveyor was simply a geometric one of 
measuring quantities. That might have been true, say, 
30 to 50 years ago, but it was not true now, and in 


the eae } 
references to case law, which might be hopeless : E 
out of date. . 


As to excluding the law, he thought it might be 
illustrated by a story. A friend of his was extremely 
bad at getting up in the morning. He tried all sorts of 
alarm clocks without success. So in the end he had a 
cupboard made in his bedroom with an open grille front. 
He procured an alarm clock of the type that went 
on and on and did not stop. He wound it up, set it, and 
put it in the cupboard, locked the cupboard and took 
the key downstairs. He had not relinquished his right 
to sleep on in the morning, but he had made it so diffic 


that it was extremely unlikely that he would doso. 


Mr. Pimm concluded by thanking those present for 
the kind manner in which they had listened to what he 
had to say. | 


The CHARMAN, closirig the meeting, thanked Mr. Pimm 
warmly for the way in which he had answered the many 
questions. 


This concluded the meeting. 


Further Written Reply hy the Author 

The author is conscious that he dealt very inadequately 
with a group of questions raised by Mr. Weare and 
Mr. Reeves. An engineer who has been retained to 
report, and subsequently to give evidence, finds that 
the evidence he would give would be damaging, and 
reports accordingly. Then one of three things happens. 
It may be decided (a) to call the witness and chance it, 
(b) to continue to retain him but not to call him, or 
(c) to terminate his services. The question is, whether 
in either of those cases the other side can call him under 
subpcena, and if so, what should the witness do ? ‘The 
answer to the first part of the question, fortunately for 
the witness, is for the lawyers, and not for him, to decide. 
If he is so called he must of course attend, and all that 
he can do is to answer truthfully the questions put tc 
him. If his replies are damaging it is no fault of his, 
The author would imagine that the situation is | 
likely to arise except in the third case, 1.e., if the clien 
has terminated his services, and even then, as in the 
other cases, he will have powerful protection on the 
grounds of privilege. It would not be permissible, fo: 
example, for the opposing counsel to ask him ; ‘“‘ Did you 
submit a report to. the defendant, and was it so un 
favourable that he decided that it would be safer te 
have nothing more to do with you?” 


From the defendant’s point of view probably thi 
safest course would be to call the witness, but ask hin 
only innocuous questions, and to obtain another witness 
if possible, who feels that he can offer more favourabl! 
evidence on the vital points. That would spike t 
opposition’s guns, since whatever right they may hay 
by way of subpcena, if the witness is not called by 
defendant, they could hardly have that right if he i 
so called. 
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ORDINARY GENERAL MEETING 


_An Ordinary General Meeting of the Institution was 
aeld at 11, Upper Belgrave Street, London, S.W.1, on 
Thursday, March 27th, 1952, at 5.55 p.m. Mr. Walter C 
Andrews, O.B.E., M.I.C.E., M.I.Struct.E. (President), in 
the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections, as tabulated below, should be referred to when 
consulting the Year Book for evidence of membership ? 


: STUDENTS 

(ALLEN, Derek, of Harrow, Middlesex. 
BELL, James, of Manchester. 

BrapsHAW, John Richard, of West Kirby, Cheshire. 
DampterR, Bernard William, of Manchester. 
Dias, Anthony Francis Joseph, of Brighton. 
Harvey, Michael James, of Coventry. 
JaRvIE, George Sinclair, of Cardiff. 
RATCLIFFE, Colin John, of Wirral, Cheshire. 
‘TurNER, John Edward, of Derby. 

WarveEn, John Charles, of Hornchurch, Essex. 


GRADUATES 

Amos, Keith, of Nottingham. 

BarBeERr, Hubert, of Eccles, Lancs. 

Bircu, Norman, of Salford, Lancs. 

CHOPRA, Ajudhya Nath, B. E. (Civil) Calcutta, of Howrah, 

_ India. 

CLARKE, Stanley, of Liverpool. 

CrostHwaiTte, Donald Rothery, B.A. Cambridge, of 
St. Albans, Herts. 

Currie, Bernard Alan, of Andover, Hants. 

Dove, Eric David, B.Sc.(Eng.) London, of Bradford, 
~ Yorks. 

Farnapy, John Eric, of London. 

Hetuis, John Blackwell, of Harrow, Middlesex. 

IncHaAM, Bryan Ronald, B.Sc.(Tech.) Hons. Manchester, 
of Cheadle, Cheshire. 

Kay, Anthony John, of London. 

MatrHEws, Bertram Lyle, B.Sc.(Civil) Cape Town, of 

_ Salisbury, Southern Rhodesia. 

es. Ian William, B.Sc.(Eng.) Glasgow, of Liver- 
pool 

SPINKs, Maurice Sidney, B.Sc.(Eng.) London, of Shore- 
ham- by-Sea, Sussex. 


Wappy, Harry Francis, B.Sc.(Eng.) London, of Brom-_ 


i; ley, Kent. 
MEMBERS 

SHEARER, Charles John, of Glasgow. 

Witson, Alexander John Cope, of Birkenhead, Cheshire. 


TRANSFERS 


Students to Graduates 
AAGAARD, William Valdemar, of Birmingham. 
Betrany, George Angus, of South Benfleet, Essex. 
Brown, David Henry, of Hazel Grove, Cheshire. 
Cussons, Stanley Harold, of Stockton-on-Tees, Co. 
~ Durham. 
Danauer, Martin Denis, B.E.(Civil) New Zealand, of 
Wellington, New Zealand. 
Davipson, Gerald Keith, of Liverpool. 
DuntHorRNE, Gareth John, of London. 
HArpDCASTLE, Frank, of Salford, Lancs. 

ARRIS, David William, of London. 
Hoey, Michael, of Brighton. 
WitttaMs, John, of London. 
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Institution Notices and Proceedings 


Graduates to Associate Members 
ApDAMs, James Ronald, of Boston, Lincs. 
CLOWES, Stanley George, of Manchester. 
Fircu, Norman Arthur Stanley, of London, 
MATHER, Robert, of Flixton, Lancs. 
SARGENT, Albert Reginald, A.M.I.C.E, of Buckhurst 
Hill, Essex. 


Associate-Members to Members 

Bat, Norman George Thomas, of Bishopston, Bristol. 
GARDNER, Rodney Robert, of Croydon, Surrey. 
WADDELL, Albert Victor, of London. 
Watson, Frederick Bernard, of Birmingham. 
WHITTEN, Joseph, A.M.I.C.E, of Whitley Bay, North- 

umberland. 

OBITUARY 

The Council regret to announce the deaths of Alfred 
BaiLey, Allan Leslie GrimsHaw, Norman Fitz HARDING, 
Richard MircHEii, William James MuLiincs (Mem- 
bers) ; Thomas William WATKINS (Associate) ; Jacques 
Herbert Hepccock, Robert Wright Homes (Associate- 
Members). 

RESIGNATION 

Notification was given that the Council had accepted 
with regret the resignation of Reginald GODFREY 
(Associate). 

EXAMINATIONS 

The Examinations of the Institution will next be 
held at centres in the United Kingdom and overseas on 
July 15th and 16th, 1952 (Graduateship), and July 17th 
and 18th (Associate-Membership). 


FORTHCOMING MEETINGS 
The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1 :— 
Thursday, May 22nd, 1952 
Ordinary General Meeting (for the election of mem- 
bers), 5.55 p.m. 
Annual General Meeting, 6 p.m. 
Thursday, June 26th, 1952 
Ordinary General Meeting (for the election of mem- 
bers);,/6. "p.m. 
BENEVOLENT FUND 
The Annual General Meeting of the Voting Con- 
tributors to the Institution of Structural Engineers’ 
Benevolent Fund will be held at 11, Upper Belgrave 


‘Street, London, S.W.1, on Thursday, May 22nd, 1952, 


at 6.30 p.m. 


STANDARD METHOD OF MEASUREMENT 

The Standing Joint Committee for the Standard 
Method of Measurement of Building Works receive from 
time to time requests for reconsideration or clarification 
of specific terms in the Standard Method of Measure- 
ment; in addition they have before them the recom- 
mendation of the Anglo-American Productivity Team’s 
Report which reads “‘ Consideration should be given to 
the simplification of the Standard Method of Measure- 
ment.” 

To enable the Committee to give the fullest possible 
consideration to these matters and to the principles in- 
volved, detailed suggestions would be welcomed from 
those interested. 

These should be sent by 31st May next to The 
Registrar, S.M.M.C., The Royal Institute of Chartered 
Surveyors, 12, Great George Street, Westminster, 
London, S.W.1 
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LONDON GRADUATES’ AND STUDENTS’ SECTION 


The Annual General Meeting of the Section was held 
at 11, Upper Belgrave Street, London, S.W.1, on March 
11th, ‘when the following Honorary Officers were elected : 

Chairman : Mr. P. L. Harvey (Graduate). 
Vice-Chairman : Mr. E. Easton (Graduate). 
Hon. Secretary : Mr. C. A. Brown (Graduate). 

A visit to the Directorate of Colonial Survey at 
Tolworth, Surrey, has been arranged for Saturday, 
May 17th. The work of the Directorate is concerned 
with aerial surveys and mapmaking. Those taking part 
in the visit will meet either at Waterloo Station at 
g.30 a.m., or at Tolworth Station at 10.15 a.m. 

Hon. Secretary : C. Allen Browne, 43, Coolgardie 
Avenue, Highams Park, London, E.4. 


BRANCH NOTICES 


LANCASHIRE AND CHESHIRE BRANCH 
The Annual Business Meeting will be held at the 
College of Technology, Manchester, on Thursday, 
May 15th, at 6.30 p.m., preceded by tea at 5.45 p.m. 
Hon. Secretary: A. S. Sinclair, A.M.1.Struct.E., 
28, Kenwood Road, Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 


Hon. Secretary: E. R. Deeley, A.M.1.Struct.E., 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 


A meeting will be held at the James Watt Memorial 
Institute, Birmingham, at 7 p.m., on Friday, May 3oth, 
when short papers will be given by members of the 
Section. 

Hon. Secretary : M. H. Evans, B.Sc., 42, Church Hill 
Road, Handsworth, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 


Hon. Secretary : Yan MacGregor, M.I.Struct.E., 9, 
Ellison Place, Newcastle-upon-Tyne, 1. 


NORTHERN IRELAND BRANCH 


Hon. Secretary: S. G. Duckworth, M.I.Struct.E., 
“ Lisleen,’’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 


Hon. Secretary: D.G. Drummond, B.Sc., M.I.Struct.E., 
A.M.I.C.E., 11, Woodside Terrace, Glasgow, C.3. 


Book 


Simplified Mechanics and Strength of Materials, 
by H. Parker. (New York: Wiley, 1951 ; London : 
Chapman & Hall). 275 pp.-xvi, 8 in. X 5 in. 32s. 

This book is one of a now well-known series known as 
‘“‘ Simplified.” It is not a treatise, but is a sound 
elementary introduction with the text clearly written 
and the diagrams extremely clear and well done. The 
author goes straight to the formule required for the 
solution of the various examples worked out, often after 
only a few lines of text on general lines. These very 
brief notes, although useful, cannot possibly fully 
explain how the formule are derived. 

Chapter 9 deals with continuous beams and restrained 
beams in about ten pages, while moving loads occupy 
only four pages. Numerous tables of the properties of 
materials and sections are given. The sections are of 
course the American standard sizes. The loads are in 
Ibs., and the stresses are in accordance with American 
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SOUTH-WESTERN COUNTIES BRANCH j 

Hon. Secretary: E. W. Howells, A.M.1.Struct.E,, 
c/o Messrs. T. Harding & Sons, Ltd., 10/12, Market _ 
Street, Torquay. E 


j 


WALES AND MONMOUTHSHIRE BRANCH : 
A joint visit has been arranged with the Midland 
Counties Branch to the Penmaenmawr Welsh Granite 
Quarries and Llandudno, on Saturday, June 7th. 
Hon. Secretary: E. R. Steward, A.M.1.Structig 
Edrom, Ashleigh Road, Blackpill, Swansea, 


WESTERN COUNTIES BRANCH 7 
Hon. Secretary: C. E. Saunders, M.I.Structia@ 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Somerset. 
YORKSHIRE BRANCH 
Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E., 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
week- days Mr. Tait can be contacted in the City En-- 
gineer’s Department, City Hall, Johannesburg. ’Phone 
34-1111, Ext. 257. 

Natal Section. Hon. Soop eda : E. G. Bennet 
A.M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O, | 
Box 49, Merebank, Durban. | 

Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E,, 
P.O. Box 1692, Cape Town. | 


CORRIGENDA 
“The Structural Engineer,’’ February, 1952. p. 28, Expression | 
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p.33, col.1, line rr. For “ badly”’ read “hardly.” 


standards. Only very elementary mathematics are 
used throughout the book as the aim of the author has 
clearly been to be true to the title of ‘‘ Simplified.” 
Useful questions are set at the end of each chapter. 

The range of the book is shown by naming the headings 
of some of the principal chapters. 

Mechanics and Strength of Materials, Forces, Stresses 
and Deformations, Properties of Sections, Shearing 
Stresses in Beams, Bending Moments, Deflection of 
Beams, Built-up Beams of Two Materials, Columns, 
Rivets and Welds, Reinforced Concrete, Retaining 
Walls and Dams. 

The stresses given for steel and concrete are in accord 
with modern practice, with a varying value for the 
modular ratio. 

This book will probably be popular, especially te 
those who wish to know how it is done rather than why 
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: ‘Tension Impact Testing 
By A. C. Vivian, A.C.G.1L., M.I.C.E., M...Struct.E. 


. Synopsis 

‘The paper describes two testing machines. A full- 
size prototype has already been made of one of these 
and a demonstration model is also available. A de- 
monstration model only is available for the other. 

The first machine pulls a tension bar apart and 
determines the ultimate tensile strength and ductility 
properties of the bar under the same rate of impact 
loading as the Izod test. This machine forms the sub- 
ject of patent applications in Great Britain and the 
United States. 

The second machine is designed to produce an auto- 
graphic load-extension diagram of a tensile bar at 
various speeds of loading, either at slow or at “ static’ 
rate of loading. 

Accompanying the paper are a number of test Pecalts 
carried out on the tension impact machine and compared 
with static test results. 

The paper concludes with some points for discussion 
regarding the possible merit from the user’s point of view 
of developing a tension impact test and an autographic 
tensile test. 

Acknowledgement is made to the Anglo-Iranian Oil 
Company for sponsoring the tests and for permission to 
publish the results and to the Company’s staff at 
Eakring workshops for the manufacture of the tension 
impact machine. The conclusions from the tests 
reported are the Author’s own opinions. 


Introduction 


The purpose of this paper is to introduce to the notice 
of engineers the possibility that a tension impact test 
might be a preferable alternative to the standard Izod 
test for determining the shock properties of steel and 
other materials. 

There has always been something mysterious about 
the Izod test and although it has been of great value in 
a large number of cases in differentiating between tough 
and brittle steels, the most usual way in which a struc- 
tue fails in practice under shock is under tensile shock 
and not transversely across a notched section. 

The machine described below is able to test under 
tension shock, standard bars which may be plain or 
notcred, and experiments already carried out prove 
that a plain bar tested in tension impact is capable of 
showing the material to be brittle without the added 
difficulty of cutting a uniform notch in it. The notch, 
eam if required on a tension bar, is easy to machine. 

en a steel bar is stretched to failure in tension, 
whether in the normal static test (at usual laboratory 

‘works testing speeds) or at the high speed of a tension 
pact test, the stretch comprises two parts, one an 
pproximately uniform extension up to the maximum 
rength of the steel (i.e., the ultimate tensile strength) 
nd the other a necking extension. 

It is relevant to observe that this fundamental 
acteristic of steel, which may be conveniently called 
ctive ductility and which the late Professor Unwin 
ermined beyond all shadow of doubt fifty years ago 
an intrinsic property of steels and which is well- 
wn to-day, is ignored in both British and American 
ard tensile specifications. 
he tension impact machine provides the means of 
uring this uniform stretch at high speed. At static 
ditions (ordinary rate of loading in a tension testing 


machine) and slow speeds, the author suggests that an 
autographic tensile testing machine is also a desirable 
piece of equipment for steel testing purposes. 


Description of Tension Impact Machine 


Fig. 1 shows a front view of the machine. It consists 
of a very rigid steel frame having an upper vertical bar 
from which the test piece is suspended. The lower end 
of the test bar suspends an anvil bar having an anvil 


Fig. 1.—Tension impact machine. Ready to release tup 


with a Morse taper at the lower end. A weight adjust- 
able in seven steps from 123 lb. to 400 Ib. slides easily 
on the anvil bar and on being released by a handle on 
the right-hand side (see Fig. 2), falls 2 ft. and makes an 
air-tight seal with the Morse taper. The falling tup or 
weight, together with the anvil bar and broken part of 
test bar, then plunge together into an air cylinder (see 
Fig. 3). The inside rim of the air cylinder is provided 
with a U-leather. The residual energy of the weight 
and anvil is absorbed by compressing the air, and the 
depth of plunge of the falling tup into the air cylinder 
is recorded by the pencil and chart (see Fig. 3) and is an 
exact measure of the residual energy (after breaking the 
bar) plus losses. Fig. 34 is a drawing of the autograph 
gear. Alternatively, the falling tup may be brought to 
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rest by a spring loaded platform on to which the tup 
falls after stretching and/or breaking the test piece. A 
model of this is available for demonstration. 

Fig. 4 shows the differential winch used to lift the 
weight to its release position. Safety guards are pro- 
vided as required and also safety bars to secure the 


: 


| 
i 
$ ; 
9 ~ ' 
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Fig. 2.Tension impact machine tup released 


weight in its starting position, the latter being with- 
drawn when making a test. The paper chart and 
pencil record can be read to 1/50 in., and from calibration 
curves the corresponding energy used in breaking the 
test bar is read off in ft. Ib. 


Theory of Machine 
Fig. 5 illustrates the theory of the machine. 
If W = weight of falling tup, 

W. = weight of anvil assembly. 

H = free fall of tup = 2 ft. to correspond with 
standard Izod machine, 

H, = Combined fall to air cylinder, 

Hy, = plunge of tup into air cylinder ; 

andif E, = energy to break test bar, ft. lb. 

E; = energy losses due to friction, to making 
Morse taper joint and to elastic deforma- 
tion of frame in ft. lb. 

E, = energy to compress air in ft. lb. 


and E = total energy, 
E = WH-4 (W+W.) H,+ (W+W,) Hy (1) 
and E = £,+£:-+-E, i, ae (2) 


To calibrate the machine a test bar of known breaking 
energy is used. This consists of two half-test bars of 


_" 
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mild steel joined at the centre with a loop of 16 S.W.G, 
copper wire. By using small weights over the anvil bar, 
the breaking energy of this calibration bar was determined 
to be 11 ft. lb. Alternatively, a cast-iron bar can be 
used. Such a bar, 4-in. diameter x 4 in. gauge length, 
also breaks at between 8 and 12 ft. Ib. 

Then with each of the seven weights in turn, three 
or four values of Hy are determined for each weight. 
Table 1 gives a set of results obtained using the copper 
wire calibration bar. 


i 
\} 


Fig. 3.—Tension impact machine. Air cylinder and 
plunge recording chart and pencil 


TABLE 1.—Calibration Measurements for Tension 
Impact Machine 


| Weight of | Plunge (in.) 

Weight | tupand | == 
No. | anvil bar | 
| (Ib.) es: 2 3 4 Mean | 

| ? 
Tt ory | 4.80 4.80 4.80 4.78 4.80 | 
2 215.2 | 6.14 6.16 6.18 6.18 6.16} 
| | ‘ 
B pls eke soRa | 7:00} 6098 |) 6l98.) © 6.06 6.98 | 
4 303.4 YO bear fo} 7.68 7.66 7.68 7.68 | 
Sth laabere | 8.26 | 8.26] 8.28 | 8.26 8.26) 
| k 
6) 3307.6 |e IAG Ass 8.74 8.76 8.74 8.74) 
| | ia 
7 ) 435-7 Oe LO 9.16 9.16 9.14 9.16) 


Date of calibration 13/2/50. Barometer 29.1 in. Hg, Mercury 


Then E is calculated from Equation (1) ; and from (2 
the value of (E:+£E,) for each value of Hy is computer 
and plotted so that the relation between (E:+E,) ane 
Hy is determined for any value of Hy. 
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Fig. 6 shows the relation between (£++ Ec) and Hy 
plotted to base Hy in graphical form for the values in 
Table 1. 

For each of the seven weights the value of F is then 
calculated from Equation (1) for various values of Hy 
up to the limit of Hy which the particular weight can 
reach. Then using Equation (2) :— 

Li, Sed, SE au ae” eerie, 8, he 


In this equation E is known, and also (E:+ E,) for 
each particular value of Hy, so E,, is determined for each 


aiid 


Fig. 4.—Tension impact machine. Differential winch 


of seven weights for the relevant values of Hy. Fig. 7 
gives the calibration curves so determined for the 
machine described. The capacity and range of the 
machine are given in Table 2. 


TABLE 2.—Capacity and Range of Prototype Tension 
Beings Machine 


Max! breaking — 


Teigl she : 
Weight Weight (Ib.) Capacity Range (ft. Ib.) 
No. y = 
(tt. Ib.) 
I L230 275 50 to 150 
2 179°5 400 150 to 300 
3 223.6 500 250 to 400 
i AS ey 600 350 to 500 
5 5 700 450 to 600 
6) 355-9 Soo 550 to 750 
/ 


In Lapuihee foi warts are provided to give a 
range from } ft. lb. to 50 ft. lb., by trial and error (since 
the residual energy cannot be measured on this particular 
machine for these small values). 

It will have been noted that the method of calibration 
and preparation of the calibration curves eliminates any 
error in computing the value of energy to break the 


- test bar, since the losses are the same whether a calibra 
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tion bar of known breaking energy or a test bar is u 
and the losses accordingly cancel out in the computatio 


Physical Measurements on Test Bars 


The test bar normally used is No. 1 of Fig. 8. T 
No. 2 test bar is used when material under 3-in. thi 
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Fig. 5.—Diagram—Theory of tension impact machine © ; 


1 
4 
is to be tested. The grips are shown in Fig. g, and grips 
and test bar are self-centering. 

By means of a ans jig the 8-in. parallel gauge length 
is marked off at }-in. intervals, so that wherever the 
neck occurs when the bar is broken in tension, percentage: 
elongations on two different gauge lengths, each including) 
the whole of the necking part, may be readily computed, 


; pi ly — pol 
Effective ductility . ss 2 


I,—Ly, | 
where , and #, are the overall percentage elongation 
(including the necking part) on gauge lengths of L, an 
Ly. For the test bar described in Fig. 8, ZL, is normally 
7 in. and L, is usually 1} in., both including the whole 
of the necking stretch. 


Autographic Tensile Testing Machine 
Only a model has so far been made, but the specifi 
tion of the machine which follows may be of interest 
promote its detailed development. 


+ 
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A tensile test bar of any material or size appropriate 
) the capacity of the machine is placed in the grips and 
ie machine being then set in motion, the load-extension 
‘agram is recorded from no-load to failure or between 
ay desired limits of loading. 

From measurements of the test 
iece and from the diagram, the 
ield point, the effective ductility, 
ensile strength, reduction in area 
nd work done in stretching the bar 
re obtained. 

'The load is applied through the 
ast bar to an elastic beam, the 
eflection of which producesarelative 
rovement of a screw (forming the 
xis of a chart drum) and the chart 
rum (which is rotated by the relative 
|xial movement of the screw). 

| A lattice multiplying mechanism 
|; applied in such a way that one 
rart is fixed to the grips at one end 
|f the test piece, another part is fixed 
othe grips at the other end of the 
est piece and the relative movement 
\fthese two parts is multiplied an 
\ppropriate amount and moves a pen 


fResipuaL ENgaqy pius Losses 
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Archimedian or multi-throw screw is held centrally by 
the upper part of the frame and engages a nut screwed 
centrally to the upper end of the chart drum. As the 
beam deflects, the drum follows it and is thereby rotated. 
The lower grips of the test bar are connected to a screw 


if 


if, 


mn an axial direction on the chart ro) i 
paper affixed to the surface of the 
rum. 


‘The load is then recorded circum- 

erentially and the extension axially, 

ind upon removing the chart from 

he drum a load-extension diagram is obtained with 
‘ectangular co-ordinates. 

‘In a machine similar to the model, the frame of the 
nachine is vertical and supports a horizontal steel beam 


Impact MACHINE 


TENSION 


IN 


eee 
a 


PLUNGE (in) AS RECOROEO ON MACHINE 


Fig. 7.—Calibration curves 


the ends with a cross piece at the centre, below which 
grips for one end of the test bar and above which is 
xivot upon which the chart drum spindle rotates. An 


3 4 SO Ck, ad ee a 
PLUNGE Hy (tt) 


Fig. 6.—Residual energy plus losses 


axial with the chart drum and in line with the centre of 
the beam, the screw being pulled downwards by the 
rotation of a nut driven by electric motor through 
gearing or belt, with means of setting the rate of move- 
ment of the screw to any prescribed amount. One 
method of multiplying the extension of the test piece 
is to use four bars of equal length hinged at each corner 
and of diamond shape, the lowest point of the diamond 
being fixed to the lower grips and the highest point to 
the pen arm, the range of movement of the pen arm 
being made equal to the length of the chart drum. 

At the lower end of the diamond lattice a second 
smaller diamond lattice is formed with two additional 
short bars, one end of each being pivoted to a long bar 
and the other end of each being pivoted together, the 
pivot points and lengths of short bars being such that 
the small diamond and the large diamond are exactly 
similar in shape and the relative lengths of the bars are 
such as to give the desired multiplication. The upper 
point of the small diamond is secured to a slide and the 
slide is secured to the cross piece of the loading beam, 
and the slide extends upwards so as to constrain the 
pen arm to move axially with the drum and in line with 
the lowest point of the diamond lattice which is fixed 
to the lower grips. Then, on setting the loading me- 
chanism in motion, the loading beam is deflected, the 
drum moves down with it and rotates, and when the 
test piece begins to stretch the lowest point of the 
diamond moves more than the cross piece of the loading 
beam and the pen arm moves upwards in exact proportion 
to the stretch. 

The machine will be set to run at a desired speed of 
loading and will then record the load-extension diagram 
from no-load to failure without further attention. 

For the ordinary “static’”’ rate of testing, the test 
will be complete in under one minute, or the machine 
may be set for a slow speed test to take a couple of days 
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or a week or more, as may be desired, and be stopped and 
re-started at any load. 


Maximum Strength in Impact Test 


This is determined under impact conditions from the 
energy to break the test bar and the total stretch of the 
bar. The area under a normal stress-strain line is to a 


determinable scale, the product of maximum strength | 


and total stretch of test bar multiplied by a calculable 
ratio, y (in the order from 0.90 to 0.97, depending on the 
effective ductility). 


Effective 
Ductility 5 10 15 20 25 30 
(per cent.) 
. | | | 
Ratio, y... | 979 961 | .947 938 | .931 | .925 
| 
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(Miitteo Bar) 
Fig. 8.—Tensile Test Pieces 


The assumption is made that the shape of the nominal 
stress-strain line is of the same general form under high- 
speed testing as under static testing. 

The shape of a nominal stress-strain line under static 
conditions is illustrated in Fig. ro. 

The tension impact energy of the test bar 


SAT ort He he Oa ne a. eee we NS) 
Where A = cross-section of test bar, 
tui = Maximum strength (ultimate tensile 
strength), 
x = total elongation of test bar including 


necking stretch, 
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y = the ratio of area under nominal str 
strain line to the rectangle enclos 
the diagram. 


Description of Tests 


Messrs. David Kirkaldy & Son, 99, Southwark Street 
London, S.E.1, were commissioned by the author 
company to carry out a comprehensive series of tests, an 
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Fig. 9.—Grips 


TABLE 3.—Static Tests on Steels A and B _ 


| 
| Steel A Steel B 
| t ‘ 
| AX3| AZ7 | Mean | BZ6 | BY6 | Mean) 
— 
| | 
Yield point (tons/ | | | i 
Sq. in.) ... |... | 35.1 | 36.6 |. 35.9 | 29.2 | 30.2 | agmm 
Ultimate tensile | 
strength (tons/sq. | 
in.) ++ see | 38.7 | 38.9 | 38.8 | 44.1 | 44-3°| 4que 
Effective ductility | | 
(per cent.) > | 8.0 } 12.0 |°10.5 |-1257 | t3. 0 Ghee 
Necking constant © 
(per cent.) : 104 79 2 Q2 81 87 
Reduction of area — 
(per cent.) - | 60 61 60 66 64 65 
Brinell hardness No.| — — 


(oa) 
“I 
Nv 
co 
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acknowledgement is made to this firm of testing ef 
gineers for the care and attention given to the researel 


Static Tests 


Static tensile tests were carried out on Steels A, — 
and C in the direction of rolling and across the directio 
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‘rolling. A summary of the results is given in Tables 3 
id 4. 


Note on Table 3 


It will be noted that the amount which Steel A can be 
retched at “static”’ rate up to its maximum load 
urying capacity is only half that of Steel C lengthwise, 
ad that Steel B has considerably better effective 
uctility than Steel A, though not so good as Steel C. 
here is a wide variation in the effective ductility of the 
vo specimens of Steel A. 


TABLE 4.—Static Tests on Steel C 


Steel C 
In direction of rolling | 


‘ 


Steel C 
Crosswise 


Cre D Cr Bi Cre Mean C2.C C2.E |C2.F | Mean 


ield point 
(tons/sq. in.) 19. 
\‘Itimate ten- 
jsile strength i 


Ome 2OnnNIOnO; 20.0, 202z| 20.8 eoT.0 


ei 


iffective duct- 
lity (per cent.)! 20.7) 20.4 20.3 20.5! 14.7) 15.5] 3.5 I4. 
jecking con- | 
jtamt (per cent.| 124 | Lor | 1or | Log 
‘eduction in 
irea (per cent.) 67 65 65 66) 53 48 49 | 50 
srinell hard- 

ness No. ES EeIsi | 134 | 1320) 1340) 134 | 234 | 134 


On 


te p/ XS Utmate Tensite Strenctn 28:3 Tons/sa_ in 


J STRAIN 


Fis. 10.—Nominal stress—strain diagram for mild 
2 steel 
q 


e necking constant is the constant k in the equation 


kd 
p=S+ — 
L 

where = percentage elongation of bar 


I 


p 
S effective ductility per cent. 
k = necking constant per cent. 
a —-adta, of bar (in,) 
L = gauge length (in.) 


Note on Table 4 


The steel plate from which all the foregoing test bars 
were cut had been annealed at 850°C. at maker’s works, 
The effective ductility crosswise is approximately 
I5 per cent. compared with a lengthwise effective 
ductility of 20 per cent. approximately. It is worthy 
of note that this same aie! was further heat-treated in 


TABLE 5.—Tension Impact Results 


Steel A. jA.Xr lA.X5|A-¥3 |A.Yr |A.Z3 A.Z5 |Mean 
| | | 
| 
Effective ductility TD Oy 16s 5|\el 7 218 OMe TOs 4 LO.) L215 
(per cent.) | 
Necking constant 
(per cent.) FS | 82 90 84 | - 83 99 86 
Total stretch, in. 1.15) 1.55| 1.61 0.95) 1.05] 1.05] 1.22 
Plunge Hy, in. 7.52).6.90| 6.80] 8.04] 8.02] 8.14] — 
Energy absorbed, | 
Ey (Et, Mbt) 420 | 530 | 540 | 330 | 330 | 300 | — 


Ultimate tensile 
strength (tons/sq.in.)| 42.0! 40.7] 39.1] 39.6) 37.0] 34.2] 38.8 
Reduction of area | 

(per cent.) 59 0) |S. GE- 537) 00 61 59 
Uniform energy per 
in. of 4-in. dia. (ft.- | 


lb.) 43a S70 SI ae te Soak 20114 42 

Necking energy 4-in. | | | 
dia. (ft. lb.) 75am 72. | 7 7ahe 7s +068) FOO. 92 
Steel B B.X4 |B. Y2|B.Y4 |B.Z4 Bz B.We Mean 


Effective ductility 


(per cent.) 13.6, 17.2| 14.4] 13.4 15.8] 18.0] 15.4 
Necking constant | i | | 

(per cent.) 89 62 2 85 34 17 63 
Total stretch (in.) Desa ra 54l TAG t. S0pen 38) 1.50] 1.41 
Plunge Hy (in.) 7.56) 6.50] 7.06 7.56] 7.28] 7.04) — 
Energy absorbed, | | 

Ey (ft. Ib.) 420 | 590 | 510 | 420 | 470 | 510 | — 


Ultimate tensile \ | | | 
strength(tons/sq. in.); 38.0, 44.3! 42.0] 37.6) 39.6) 40.3) 40.3 
Reduction of area | 
(per cent.) 62 63 
Uniform energy per | 
in. of 4-in. dia. | 


; | . 

(ft. Ib.) ABs O68 F- S343, bo 54.) 162 | 53 
Necking energy }-in. ee . | 

dia. (ft. Ib.) 7958 | Boul? 68 Th Bel tg |) 053 

Steel C, Cy.B.| GF | C,.G | C,.H 'C,.M | C,.N | Mean 
= 

Effective ductility | 

(per cent.) 25-3] east 22.5) 23-5 21.8) 22.4) 23.4 
Necking constant | 

(per cent.) 68 | 92 | 89 | 95} 97 | r02 | OL 
Total stretch (in.) 2.20) 2.22) 2.04 2).56) 2,0T\" 2-00) 2on2 
Plunge Hy (in.) 6.20) 6. | 6.64) 6.26 6.94, 6.84) — 
Energy absorbed, 

Fon. (tt. 1b:) 620 | 640 | 570 | 610 | 520 | 540 | — 


Ultimate tensile | 
strength (tons/sq.in.)| 33.0) 33-7) 32-4) 33-3 30.2 30.6) 32.2 
Reduction of area | 
(per cent.) 63 | 65 | 65 
Uniform energy per | | 
inch of }-in. dia. 


(ft. Ib.) RE | FI CSotN Ot aea7 P5901 OF 
Necking energy }-in. ! 
dia. (ft. lb.) 1 OAs) | 8660). O2aln BF Pw Ga, 68.) 62 
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Table 5—continued 


| = | | 
| Cy.G Cz.1. | C.K }C,.M \Cy.NC,.0 | Mean 
| | 


Steel C, 


Effective ductility | 


(per cent.) | 17:1) 17:3] 17.3) 18.4| 16.9] 16.4) 17.2 
Necking constant | . | | 

(per cent.) [FSU 72°. OS 7a Te SO. Cea ON tes 
Total ‘stretch (in.) © | 2.55) 1257] 1.54) 2.67) 1-5E 2.45) 1255 
Plunge Hy (in.) | 7.14| 7.44! 7.36] 7.50) 7.70) 7.78) — 


Energy absorbed, | : | | 
Ey (ft. Ib.) | 499 | 440 | 450 430 | 390 | 380 | — 
Ultimate tensile 
strength (tons/sq. | | | 
in.) | 36.5] 3254. 33.5, 30.2) 20:0 30.5) 32.2 


Reduction of area | 
(per cent.) 


SE | BE AP POST 45.) STN gg 
Uniform energy per | | | 
inch of 4-in. dia. | | | 
(ft. Ib.) | 54] 49.) 507 48 | 44 | 43°] a8 


TEE rie | | 
Necking energy 4-in. | 


dia. (ft. Ib.) Cab eee ees SE con eme a Pa 


maker’s works at 650°C, before being made into pressure 
vessels, and the effect of that heat-treatment was to 
give the steel cross-wise an effective ductility of approxi- 
mately 20 per cent., the lengthwise effective ductility 
remaining at approximately 20 per cent. 


A study of the results summarised in Table 4 shows 
Steel C (particularly when it is remembered that these 
results were obtained on long thin bars of 4-in. diameter 

- 8-in, gauge‘ length) to be remarkably consistent. 


Tension Impact Tests 


Six tension impact tests were made on Steels A, B 
and C, and seven (one was laminated) on Steel C,. A 
summary of the results is given in Table 5. 


The differences in plastic deformation and of tensile 
physical properties of the four steels under review when 
bars are pulled apart (1) under static load and (2) under 
“impact ’’ conditions are compared in Table 6 :— 


TABLE 6.—Comparison of Static and Tension Impact 
Properties of Steels A, B, C, and C, 


| Steel A | Steel B | Steel C, | Steel C, 
8G) bert FS) Went ese ebaieee tae doen 
| | | E 
Ultimate tends strength, | | 
(tons/sq. in.) 138.8/38.8144. 2140.3 32.6132.2 32.8)32.2 
I: ffective ductility (per | | 
cent.) [LO. 5/12 .5)13.2|15.4|20.5/23.4|14.5/17.2 
Necking constant (per | | | 
cent.) | 92 | 86 | 87 |63 | 109) 91 | 63 65 
Reduction of area (per | | | 
cent.) 60 | 59 | 65 | 63 | 66 | 65 | 50 | 49 
Energy absorbed per in. | | | . 
by 4-in. dia. bar in | . | 
uniform stretch(ft.lb.) | 36 | 42 | 51 | 53 | 57 | 65 | 38 | 48 
Necking energy 4-in. | | 
dia. (ft. lb.) ( POs e7egieOZe53 | 7OOa teas | 46 


S = Static, 1 = Impact 


It will be noted that for the four steels under con- 
sideration, the effective ductility is more in every case 
at the high speed of impact loading than at static 
loading, the ultimate tensile strength is about the same 
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in the case of Steels A, C, and C,, and 10 per cent. down 
in the case of Steel B. The percentage reduction of area 
is hardly changed. 


As might be expected from the foregoing measure. 
ments, the uniform energy calculated from static t 
values is a little less than under impact rate of loadi 
and the necking energy is not greatly different. Imp 
loading is not then fundamentally different from sta 
loading in the plastic deformation it occasions, but 
physical values differ numerically in most cases. 
other words, plastic deformation is a function of time 
as well as of loading. f 


Points for Discussion 


Both machines described are experimental, but the 
question is put whether it would not be worth while 
examine existing impact and tensile testing methods a: 
consider if the development of a tension impact 
and of an autographic tensile testing machine should 
not be considered from the user’s point of view. 


The following points are raised :— 


(a) Is the Izod test all that the user wants in the wa | 
of impact test, or would he be better off with tension 
impact tests on plain and on notched bars ? 


(b) Is the standard tensile test sufficiently compl 
hensive or should the steel user demand a test which 
gives him in addition the stretch to maximum load ? 


(c) On practical consideration there is a limit to the 
extent to which steel may be stressed, the practical 
consideration being limitation of permissible deflection; 
but though for that reason the main members in a 
structure may only be stressed to g or 10 tons/sq. in, 
however high the yield point and ultimate tensile 
strength of the steel may be, there is every reason for 
using a steel with a high effective ductility in a structure. 
to distribute the loads over the whole cross-section of 
members. The author would recommend as a matter 
of course specifying a minimum effective ductility of 
15 per cent., both at static and at impact rates of loading, 
as a more effective insurance than high yield point 
against premature failure at a stress raiser. 


pe 


(d) Physical measurements of steel should be made at 
the temperature at which the steel is to be used. The 
tension impact machine described lends itself to such 
measurements because the test bar can be placed in 
position with a bimetal thermometer attached, sur- 
rounded with heating or cooling pads and tested at the. 
precise moment when the test bar reaches the desired 
temperature. 


(e) The size of test bar used for the impact tensile 
research described is }-in. diameter x 8 in. long. For 
normal test purposes the bar can be shortened to 4 in. 
and still give sufficient accuracy for most purposes ; oF 
if a larger machine is made, a bigger diameter ba> may 
be used, but preferably with a ratio of gauge length to 
diameter of not less than 16. If small ratios of gauge 
length to diameter are used, the physical properties up 
to maximum tension load become merged in the physical 
properties of the necking part of the total extension. 


(f) The tension impact value of a steel is much more 
easily comprehensible to the user of steel than the Izod 
value and this test can be carried out on notched tensil 
specimens to study the toughness of the steel at notches. 
The question is raised whether in fact the tension impact 
test is not more nearly related to practical structur: 
requirements than the Izod test. 


une, 1952 


The first part of this paper describes the utilisation 
f “ low-head ”’ installations in the development of the 
ydro-electric resources of France, with a description 
if the principles and construction of the Stream-line 
ower Station Barrage recently completed at Temple- 
ur-Lot (Electricite de France). 

The harnessing of low heads is shown to be a subject 
i some importance at the present time, owing to their 
igh productivity and the relatively short time taken 
o prepare them for operation. 

In discussing the layout of low-head barrages, a 
somparison is made with the corresponding features of 
righ-head barrage layout. 

The second part of the paper deals with an engineering 
sroblem of special interest in connection with high-head 
yarrages, namely, the driving of tunnels of considerable 
ength starting from a single point of attack. A practical 
solution to the problem of ventilating very long galleries 
of small cross section is described. An account is given 
of the progress made in the use of mechanical means for 
iriving tunnels. A description of the work on the 
Nentilla tunnel in the Aude (Electricite de France) is 
neluded. 


Introduction 

The programme which has so far been carried out 
since the war, in harnessing hydro-electric resources, 
embraces not merely the modernisation of plant which 
had already been in use for some considerable time, but 
also the construction of new works to utilise the hydro- 
electric resources offered by both mountainous and low- 
lying regions. 

At the present time in France a series of low-head 
power station barrages is in course of completion ; the 
high kilo-watt-hour productivity offered by these power 
stations at a comparatively low cost justifies the interest 
felt in their adoption. 

We shall first of all set out the general principles and 
describe the construction of a plant of this type ; the 
stream-line power station barrage recently completed 
at Temple-sur-Lot (Electricite de France). 

Furthermore, the operations now being carried out to 


harness high heads include a series of works where the . 


construction of underground galleries on the tunnel- 
system has been proceeding on a considerable scale ; 
nowadays, when we wish to join the basins supplying 
water from two valleys, we no longer have any hesitation 
about driving a tunnel through the group of mountains 
which separate them. The contracting firms concerned 
therefore have to study the problems arising in the 
construction of tunnels with a very considerable length, 
perhaps well above ro or 15 kilometres. These in turn 
lead to new problems connected with the ventilation and 
the time taken for the mechanical work of driving the 
tunnels. 
Secondly, we shall describe the recent solutions 
adopted, with particular reference to the Nentilla 
Eennel, in the Aude (Electricite de France). 


Paper vead before a Joint Meeting of the Institution of Structural 

gineers and the British Section of the Societe des Ingenieurs 
wils de France at 11, Upper Belgrave Street, London, S.W.t., on 
ursday, 13th December, 1951. 
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he Construction of the 
Temple Barrage on the River Lot* 


By L. P. Brice 


I—Low Head Barrages 

The Electricite de France are now going ahead with 
their programme for utilising the hydraulic resources 
of the country. Where we have a wide range of varied 
possibilities, where hydraulic operations are concerned, 
the installations chosen may be divided among the high 
and medium heads or allocated to the low heads, and 
our choice will first and foremost be guided by the 
following principle : the electric power produced by a 
hydro-electric power station is proportional on the one 
hand to the head utilised and on the other hand to the 
total flow which passes through it. 

The high head works where achievements have been 
so spectacular as to attract public attention, catch very 
small flows, such as 14, 12, 10 or 4 cubic metres per 
second, utilised at heads of considerable height such as 
500 to 1,500 metres, the medium heads have flows of the 
order of 200 cubic metres per second for heads varying 
from 50 to 200 metres ; low-head works, with a height 
of not more than 50 metres absorb a very considerable 
flow, ranging from 200 cubic metres to more than 1,500 
cubic metres per second. (In power stations set up 
recently, heights of 20 metres are quite usual ; power 
stations now open only use heights of 10 metres, or even 
8 or 7 metres.) 

If we consider an installed power of the same order 
(30,000 kilovolt-amperes) giving a more or less equivalent 
output (about go million kilowatt-hours) we see that a 
high head dam (such as GEDRE, Gave d’Heas, in the 
Upper Pyrenees Department) utilises a flow of 4 cubic 
metres per second with a height of fall of 672 metres, 
while a streamline dam (such as that at Temple-sur- 
Lot, in the Lot) only has a height of fall of 10.8 metres for 
a flow of 293 cubic metres per second. 

In practice, however, the high-head will only give its 
peak output spasmodically, while the low-head will do so 
continuously, except during the brief low-water periods. 

Let us consider some more powerful plants ; for an 
installed power of 160,000 kilovolt-amperes, a high-head 
power station—that at Pragneres, in the Upper Pyrenees 
—will give 243 million kilowatt hours for a head of 
1,254 metres and a flow of 14 cubic metres per second ; 
the same installed power with a low-head (at Ottmars- 
heim) where the head is 16.4 metres but the flow 1,080 
cubic metres per second, will furnish goo million kilo- 
watt hours. 

Still higher powers are now being installed ; the 
225,000 kilovolt-amperes with the medium head at 
Bort-les-Orgues, in the Dordogne, where the head is 
I13 metres, with a flow of 200 cubic metres per second, 
will produce 327 million kilowatt hours ; at the low- 
head power stationat DONZERE-MONDRAGON, in the 
Vaucluse, for a head of 23 metres, utilising a flow of 
1,530 cubic metres per second, the 300,000 kilovolt- 
amperes to be installed will produce 1,980 million kilo- 
watt hours. 

These extreme figures, quoted objectively, may throw 
some light on the nature of the two types of installation. 


Utilisation of Low-Head Rivers 


In a country like France the utilisation of low-head 
works now tends to occupy the main place in hydro- 
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electric production, the complementary factor being the 
high-head reservoirs. It is only thanks to the contri- 
butions of the thermic cycle, however, that the over-all 
output required by national needs is on the whole 
attained. 

In a country where, owing to the natural wealth of 
mining resources, thermal power stations are the princi- 
pal means of generating electric power, and where, 


moreover, with a high-head of water, the possibilities . 


as regards the flow would be limited, it would appear 
that the idea of setting up a system of low-head power 
stations would merit favourable consideration. During 
the brief seasonal low-water periods, hydrological 
conditions in which rain predominated would reduce 
the contribution required from the thermal power 
stations. 


The continually increasing demand from consumers 
necessitates new installations, which have to be set up 
asa matter of urgency. It would seem that the demand 
could be satisfied by adopting those lay-outs which 
require the shortest period of preparation and which 
produce a great number of kilowatt-hours at the lowest 
cost. 

High-head plant involves special constructional re- 
quirements : 


OWING TO THE INCIDENCE OF THE ALTITUDE : 


Access-routes have to be created ; 

The personnel have to be lodged and fed ; 

Sufficient space has to be provided, in the vicinity of 
the main working site, for the auxiliary plant ; 

The heavy.material has to be transported and placed 
where it is required. 


FURTHER, OWING TO THE MULTIPLICITY OF THE WORKS 

TO BE CONSTRUCTED : 

The barrage proper ; 

The underground gallery ; 

The penstock ; 

The flood-weirs and restitution channels ; 

The pumping stations, water-chambers, balance- 
vents, etc. ; 

The power station itself ; 

Dwellings, etc. 


This work is carried out either concurrently or item by 
item, according to the topography of the site selected. 
The most recent technique, known as the “ ski-jump 
system ’”’ is to combine the barrage, the power station 
and the weir in one single block. This simplification 
of the work may offer practical advantages later on, 
although it raises some complex problems for the builder, 
where design and construction are concerned. 

Low-head plant, with its low-lying situation, is easy of 
access. It does not involve the onerous work of tunnel- 
driving or the construction of pipe-lines ; labour is 
recruited without difficulty ; due allowance being made, 
the work in such power stations is carried out at a more 
rapid rate of progress. 


The building site has the advantage of forming one 
continuous block. The power station buildings and the 
piers are next to one another. 


On the other hand, to create the head we have to 
raise the old water-level upstream ; which involves 
additional work to ensure the protection of the banks. 


A new idea has been adopted in low-head technique : 
the ‘‘ pier power station.”’ This is what we find at the 
Castets dam, in the Lower Pyrenees Department, now 
in course of construction. There are two independent 
water-chambers inside one single pier : in each chamber 
an armoured, oil-pressure, inclined-axle, single block 
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Kaplan turbo-alternator unit will operate under constant 
immersion. The control and maintenance of the 
machinery is carried out by means of an elevated gantrg 
placed on the top of the pier. 

This system means a saving in the constructional wo 
involved for the usual power station and its machine 
room. 

This prototype which in the present case only deals 
with a low power, may open the way towards still more 
powerful and economical plants in time to come. 

The conditons under which high-head and low-head 
installations are constructed are too dissimilar to allow 
of the choice of one type to the exclusion of the other. 
Assuming uniform hydrological conditions justifying 
the adoption of one single type of head, the cost price 
per kilowatt-hour generated seems to us to be the 
determining factor. 

Reliable documentary data available suggests that this 
cost price is as follows : 

Hicu-HEAD : 67 to 180 French francs (in June, 1951) 

72 French francs (average for the most 
recent installations). 

Low-HEAD : 20 to 42 French francs 

30 French francs (maximum average for 
the most recent installations). 


We will supplement these basic data by describing the 
principles and construction of a low-head beareiee power 
station completed recently. 


Stream-Line Power Station Barrage at Temple- 
sur-Lot 
GEOGRAPHICAL POSITION 
Downstream from Villeneuve-sur-Lot, the Lot is a 
calm river 150 metres wide, which winds between the 
hills of the Castelmoron region as far as Aiguillon, where 
it flows into the Garonne. Very old barrages on stone 
bedding form the limits of reaches of 2 to 3 kilometres 
in length and provide the mills and old. power stations 
with a fall of a few metres in height. 


HybDROLOoGICAL DATA 

The catchment area covers 11.194 square kilometres. 

The rate of 16.5 litres per second corresponds to ar 
average flow of 183 cubic metres, and it varies from 
20 to 40 cubic metres per second in the low-water seasor 
in summer, reaching 4,000 cubic metres per second ir 
the winter flood period. The plant may receive up t¢ 
293 cubic metres per second. 

The advantage of this barrage may be easily imagined) 
since it is in the winter-time that it is utilised to the 
full and since this is the period when the demand fo 
power is greatest. 

For a utilisation-rate of 3,700 hours a year the outpu, 
amounts to go million kilowatt-hours. 


TOPOGRAPHICAL AND GEOLOGICAL CONDITIONS 

The fall applies to a 40-kilometre section of the cours; 
of the Lot. The height, 10.8 metres, has been selecter 
so as not to flood the riverside agriculture upstream. 

The average gradient of the bed of the river is 0.2 
per kilometre. 

Its geological composition includes a bed of alluvial ¢ 
3 to 4 metres resting on a bank of very hard mar 
(9 metres thick). 

In particular, the phenomenon of an undergroun 
water-sheet starting upstream but without outflow w. 
met with, and this unusual obstacle was surmounte 
when the foundations of the power station were cor 
structed. 


The Temple-Castelmoron power station is of the 
combined barrage-and-power-station type. The barrage 
100 metres wide) occupies the right bank, while the 
»ower station (60 metres wide) is situated on the left 
Wank, (See Fig. 1). 

The level required by regulations is 39 metres, and the 
“restoration-level’’ is fixed at 28.2 metres, giving a 
maximum fall of 10.8 metres. 


3ARRAGE 


The barrage is of the straight-sluice type with an 
ypening of 20 metres between piers, and with a ro-metres 
“retention.” 

_ The sluices are four in number, and rest on piers with 
it maximum width of 5 metres and a length of 18 metres. 
Che end-piers, on the left bank, serving as a support to 
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unit of 1.600 kilovolt-amperes feeds the internal services 
of the power station and the local systems at 13,500 volts. 
There is an annexe containing the erection shop, the 
transformer-dismantling station, the workshops and 
general services. 
The total power is 30,600 kilovolt-amperes. 


Civit ENGINEERING WoRKS 


The whole unit consists of six separate foundation- 
blocks. In the part of the building situated down- 


stream from these units there is a platform supporting 
the transformers, circuit-breakers and disconnecting- 
switches of the 5/60 kilovolt step-up transformer station 
and the transformers for the local supply system. 

On the upstream side there is a platform 62 metres 
long for the grid cleaner to be moved about where 
required. 


Fig. 1 Aerial view of Power Station and Barrage 


e gable wall of the power station are the more im- 
rtant. 

The sills of the sluices are at the level of 29.00 metres, 
While the foundations of the piers and the floors rest on 
the marl (level 23 to 24). 

_ The piers are surmounted by a superstructure accom- 
odating the control-cabin and the counterweights of 
e sluices. 


POWER STATION 

The power station includes a building accommodating 
three vertical-axle Kaplan turbo-alternator units : two 
14,500 kilovolt-amperes, supplying three-phase current 
E 5,500 volts ; stepped up to 60,000 volts, this current 
eds the main interconnection-system ; one auxiliary 


Each turbine is fed by three openings of 4.4 metres 
(free space) and 13.5 metres in height ; each opening 
has two exactly similar cofferdams. 

The auxiliary turbine is closed by one single cofferdam, 


Under the terrace there are seven hydraulic-wall type 
containers for the storage of transformer oil. 


EXECUTION OF WoRK 


The work was started in 1947 ; the barrage put in 
operation in November, 1950. 


Seven prefabricated buildings were set up on the 
left bank, to the right of the access routes, to house the 
staff. Eight separate hutments for the staff were 
constructed on the right bank. (See Fig. 2). 
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All the installations for the working site were grov ped 
together on the left bank in the immediate vicinity of 
the future power station. 

A quarry was opened some distance away on the other 
bank. 

The installations included : 

General services (storehouse ; workshops, offices, yards) ; 

Two suspension cableways (span 230 metres ; hook- 
power 5 tons) ; 

Concrete works (main concrete works Richier S33 
concrete-mixer of 1,300 litres) producing 300 cubic 
metres per day. 

Kaiser crane (power: 1.5 tons at 20 metres) for 
making the superstructures. 

The total amount of concrete dealt with was 35,000 

cubic metres, 17,000 being for the power station. 
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ceeded with, and thus permitted the construction of 
piers 3 and 4, the intermediate floor and a supporting- 
wall for the upstream and downstream banks. (See Fig. 3). 
This cofferdam was extracted in the winter of 1948- 
1940. 
“he next stage of the work resulted in the completion 
of the following three operations : 
A primary cofferdam closing on pier 3 (already 
constructed) enabled floor 3 and pier 2 to be carried out. 
Utilising the same part, parallel to the Lot and closing 
on the one hand on -the power station pier downstream 
and on the other hand on the upstream screen of the 
power station cofferdam, a second cofferdam enabled 
pier 1 and floor r to be constructed. Earlier the power 
station cofferdam had been extracted with the exception 
of the upstream screen ; thus the downstream part of 


Fig. 2 General view of site at commencement of operations 


Equipment for pile-driving and extraction, mounted 

on pontoons. 

An overall length of 1,150 metres of piles were driven 
(Larsen II or Frodingham type), each weighing 400 
kilog. in lengths of 10 metres. 

The excavations and earthworks carried out have been 
estimated at 75,000 cubic metres. 

A primary cofferdam enabled the power station and 
the attached pier to be constructed. The presence of 
the underground water-sheet mentioned under “ geo- 
logical conditions ”’ necessitated the construction of a 
double belt of well-points to lower the water level. 

In 1948, while the work was being carried out on the 
left bank, the cofferdam on the right bank was pro- 


the power station was in water, its upstream part stil 
remaining dry, thanks to provisional concrete barrier 
which closed the outlets from the diffusers. 

Operations having proceeded satisfactorily, it wa 
found possible to complete the barrage by constructin 
the floor before the end of 1949. For this purpose, th 
central part of the screen parallel to the river wa 
extracted and a closure made on the two adjacent pier: 

In 1950, the superstructures of the piers and the foot 
bridge connecting them were completed. 


EQUIPMENT : 


On July roth, 1949, the first third of the power statio 
building being completed, was handed over to the stee 
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- work contractors, who immediately erected the overhead 
-qrane. It was thus possible for the various parts of the 
turbines and alternators to be placed in position without 
delay. 


The modification of the upstream and downstream 
water-level had earlier necessitated considerable addi- 
tional work: 


Demolition of an old barrage on stone bedding. 
The Gresille and Fougrave pumping-stations. 
The construction of various protective devices. 


The date specified by the Electricite de France for 
the completion of the work was complied with, thanks 
to intense efforts on the part of the personnel and the 
adoption of prefabrication methods. 
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We have to reduce this risk to a minimum by installing 
an efficient system of ventilation which will enable the 
personnel to work, in complete safety, and so obtain 
the maximum output. 4 


Dust 
The dust is produced : 
During drilling. 
During the blasting. 
During the removal of blasted material. 
In the galleries, by reason of draughts. 

The degree of dust-proportion can be evaluated from 
the weight of the dust collected in a filter. This is an 
empirical process which fails to give results of any use, 
since the weight of the large particles of dust bears no 


Fig.3 A Cofferdam in construction 


Il—Driving of Tunnels 


improvement in Ventilation and in Hole-Blasting 
| Methods 


The construction of high-head hydro-electric plant 
Nvolves a variety of practical problems where the 
riving of tunnels is concerned : 

Certain: of these problems are concerned with the 
. oon of an atmosphere physiologically favourable 
to the output of the personnel. 


| Others concern the selection of the mechanical means 


for the work. 


I—Surrounpincs 

_ Working underground is in general physiologically 
undesirable. The air is polluted on the one hand by 
the dust caused by the drilling and on the other hand 
by the gas given off by the explosions, so that the 
atmosphere may be injurious. 


fixed proportion to the weight of the fine particles 
(for a large particle of ro microns weighs one thousand 
times as much as a small particle of I micron). 

It is only the fine particles that are harmful ; they 
have to be evaluated with precision by the numerical 
process. 

There are a number of dust-counting apparatuses in 
existence ; conimeters, impingers, thermal precipitators, 
soluble filters, most of these being manufactured abroad 
and each presenting its own peculiar advantages. 

In France the Sub-Committee on Mines has adopted 
a dust-counter of the soluble filter type, using tetra- 
chloronapthalene, enabling exact granulometric data to 
be obtained. M. Sauzeat, the Director of the Dust 
Research Laboratory of the St. Etienne Collieries, 
recognised as authoritative, uses a thermal counter. 

The numeration of the fine particles (5 microns to 
two-tenths of a micron) is an indispensable process, as 
they penetrate as far as the pulmonary alveole, where 
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they may be absorbed. When they float in the air they 
form the dangerous element of dust-clouds, constituting 
what are known as “aerosols.” Their behaviour is 
exactly the same as that of gases. 

Numbering methods have revealed that air, after dry- 
boring, has been carried out, contains 5,273,000 of them 
in each litre. 


Gas 
The second pollution-factor is constituted by the 
gases released by hole-blasting. They form a cloud 
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to function either by suction or by pressure and one 
ventilator. (See Fig. 5). 

The two ventilators with which the Nentilla station 
is equipped are of the “ Ventil’’ type, H.P.250.850, 
8o h.p., rotating at 2,958 revolutions per minute, with 
an output of 2.3 cubic metres per second at a water- 
pressure of 1,320 mm. 

The aero-ventilator is a “‘ Rateau A.40,” operating 
at an effective pressure of 6 kilos to the square centi- 
metre, rotating at 5,000 revolutions per minute and 
giving an output of 2.3 cubic metres per second. 


Fig. 4—Method consisting of suction alone 


40 to 60 metres in length, which-flows back and forth 
along the gallery. In addition to large dust-particles, 
this cloud containsa mixture of fine particles and noxious 
gases forming a complex “ aerosol” known in practice 
as a “ plug.” 

A kilogramme of dynamite releases .8 of a cubic metre 
of gas at a temperature of o° centigrade and at a pressure 
of 760 mm. of mercury. In the case of BAM dynamite 
the proportion of carbon monoxide is 5 per cent. (7 per 
cent. in the Case of cartridge surrounded by paraffin 
paper). 

A proportion as low as 0.0005 per cent. is noxious, 
Regulations lay down a proportion of 0.0002 per cent, 
as the maximum tolerable underground. 


EVACUATION 
The dust is evacuated by ventilation. (See Fig. 4). 
It will be noted that some-of the dust is laid by the 
water (moist gallery, screen of water, watering the 


Fig. }—Ventilation system adopted at Nentilla, combining suction delivery and air-ventilator 


excavation-waste, injection of water in the boring- 
hammers) but the fine dust for which a long humidifica- 
tion-time is required (the time being in inverse proportion 
to the square of the diameter of the dust) is not success- 
fully laid ; ventilation is therefore required in all types 
of tunnel; the ventilation has to be designed with 
particular care in the case of very long tunnels without 
intermediate openings and with a small cross section 
(about 5 to 7 square metres). 


Ventilation in the Nentilla Tunnel in the Aude 

This tunnel has a length of 6 kilometres and a cross 
section of 7 square metres. It could only be tackled 
at the ends. We shall consider the 3-kilometre section, 
for which the firm of Sainrapt & Brice was responsible. 

The ventilation-plant installed at the entrance to the 
gallery comprises two ventilators enabled by a by-pass 
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The ventilation-piping consists of air-pipes of 400 mm, 
in diameter, assembled by special hermetic, non- 
projecting joints and secured by flat pins. They are 
simple to assemble and can be used again. These 
patented joints have been in use since 1948. 

As regards the geological nature of the tunnel, it is 
of hard granite requiring 26 kilos of explosive per charge. 

The ventilation methods adopted in succession were : 
suction only, pressure only, suction followed by pressure, 
suction combined with an aero-ventilator. 

The results obtained with the first three methods 
were considered inadequate for rendering the atmosphere 
of the gallery sufficiently healthy ; the last method was 
found effective from the point of view of the evacuation 
of all the harmful elements in the air and also on account 
of the shortness of the time required for their evacuation, 

The alternative operation properly timed of the main 
suction-conduit in alternation with the aero-ventilator 
used as a compressor completely overcomes the carbon- 


monoxide-saturated “‘plug’’ and the mass of the 
“* aerosols.”’ 

This installation, of which the results have beer 
verified by the Safety Department of the Electricit 
de France, enables the atmosphere in the gallery to be 
rendered completely healthy and tunnel-driving can be 
resumed after not more than 20 minutes have elapsec 
since the blast. 


Selection of Mechanical Means for Tunnel-Drivin¢s 


The cycle of operations involved in tunnel-driving i: 
as follows : 
Preparation for boring. 
Boring. 
Charging and blasting. 
Ventilation. 
Removal of blasted material. 
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_ These basic operations are subject to special difficulties 
sing from the site, the nature of the rock, the cross- 
tion of the gallery, the means used and the material 
ailable. 

In each of these operations considerable improvements 
ave been noted within quite a short period of years. 
We have examined the system of ventilation in use in 
he Nentilla Tunnel, this being considered as one of the 
most efficient, and we shall now examine the tunnel- 
ving operation itself, and here again we shall be 
oncerned with the underground works at Nentilla, in 
the Aude. 


: Tunnel-Driving Material 

At the end of 1947, ordinary steel bits with rosette- 
orm cutters were used, (see Fig. 6), either on individual 
pports or on a “ Jumbo,” a mobile metal frame on 
s, fitted with four boring-devices. The weight of 
hammers, all of the axial water-injection type, ranged 
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m 20 kilos for ground of average hardness to 60 
s for hard ground intersected with faults. 

e normal wear-and-tear on the edges necessitated 
equent cooling and re-forging, with the use of pneu- 


boring-work was to be carried out accurately, slowed 
own the work and had to be carried out several times 
efore the depth selected for the blast-hole was reached ; 
spare parts also had to be loaded on to a lorry 
ttached to the “ Jumbo.’ 

‘Thus, lengthy manipulations and the considerable 
uttering-up of the gallery reduced the rate of advance 
) a few metres per 24 hours, peak-performance of about 
metres being exceptional. 

In the second half of 1948 new equipment was put 
ito use, consisting of Cormorant bits on Atlas-Polar 
ammers, fitted with a tungsten carbide single bevel 


This light apparatus, weighing 21 kilos, with its high 
rcussion-frequency (2 to 3000) enables the boring to 
‘performed with regular acceleration. ; 

it may be estimated that this apparatus, which is of 
fedish origin and which comes from the Sandvik Steel- 
tks, gives an economic efficiency 25 to 30 per cent. 
ove that obtained with the old methods, whatever 


c forges ; these repair operations, indispensable if | 
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the nature of the ground, if an equal amount of labour 
is employed. 

The following is achieved in the organisation of the 
works : 

Standardisation of the material : one single type of 
hammer and bit. 

Elimination of the “Jumbo” and the lorry for 
transporting the spares: 

An economy of labour (five men, as against 12). 

The labour does not have to be selected so exactingly 
(as the apparatus can be easily handled by an operator 
in normal physical condition). 

An economy in “ dead time ”’ (two normal shifts of 
four hours per gang of five men). 

The new material is placed in position when the gang 
is relieved. 

A saving of free space in the gallery, rendering the 
surroundings more healthy. 

A regular rate of feed. 
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Fig. 6—Comparative diagram of rates of feed 


The adoption of tungsten carbide tunnel-driving 
equipment, in conjunction with the ancillary improve- 
ments, such as the electrically operated firing method, 
the use of delayed-action electric detonators, the ac- 
celerated ventilation, the use of special buckets with 
shutters, and the pneumatic discharging method, have 
enabled a complete cycle of work to be carried out at 
Nentilla in not more than four hours, 

In practice, three gangs of five men, each working 
eight hours, carry out six blasts in 24 hours. This rate 
of work is capable of still further improvement. 

Here are a few figures obtained from recent observa- 
tions : 

In the gallery at the Nentilla works, in the Aude, the 
Tuc des Campets section, measuring 2,995 metres, 
without window, with a cross-section of 7 square metres 
—the ground consisting of limestone and shale, with 
influxes of water—was carried out at an average daily 
rate of five metres (including all operations such as 
timbering, sheeting and clearance of waste). 

The maximum daily rate of advance was 14 metres 
and the maximum monthly rate of advance 171 metres. 

In other Pyrenean works average daily rates of advance 
of 7 to g metres are met with in unfavourable ground, the 
rates attained on favourable ground being 8 to 11 metres. 
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In connection with these observations it may be said 
that the construction of the tunnel—still regarded, only 
recently, as a factor which slowed down the work of 
harnessing high falls—is now an operation in which we 
may normally expect to witness a considerable speeding- 
up, by reason of the improvements made in the material 
used. 


DISCUSSION 


The technical business of the joint meeting was the 
presentation and discussion of the above paper. Un- 
fortunately, owing to fog, Monsieur Brice was unable to 
reach London, as he had hoped, and the paper was 
presented on his behalf by M. de Jarny. 

At the invitation of the President of the Institution, 
Mr. R. C. S. Walters (President of the British Section of 
the Société) and M. de Jarny accompanied him on the 
platform. 


The PRESIDENT extended a hearty welcome to the 
members of the Société and said the Institution was 
always pleased to offer any service it could in such 
matters, to enable them to carry on with their good 
work. Their joint meetings had always been worth 
while. 

He had hoped, he continued, to have been able to 
introduce the author of the paper, but unfortunately 
that could not be. He understood that M. Brice had 
remained at the aerodrome at le Bourget from g a.m, 
until 4 p.m., with no results regarding the departure 
of aircraft, but eventually he had to give up. The 
meeting could congratulate him on having tried, and 
commiserate with him in his disappointment. The 
meeting was fortunate, however, in the fact that M. de 
Jarny had agreed to present the paper ; and in wel- 
coming him, the President said it was the fourth occasion 
on which he had presented a paper on behalf of an 
author from across the Channel. 

M. de Jarny presented the paper, which he illustrated 
by means of a number of lantern slides and two 
cinematograph films, showing the construction of the 
Temple Barrage, the plant installed in it, its appearance 
on completion and the nature of the countryside. 

A third film illustrated a semi circular barrage con- 
structed in the Pyrenees. Its height was 120 ft., and 
its construction resulted in the creation of a very large 
artificial lake. 


The PRESIDENT expressed thanks to M. de Jarny for 
the fascinating way in which he had presented the 
paper, and to M. Brice for the very considerable trouble 
he had obviously taken to prepare the paper. It was, 
he said, most interesting, informative and well docu- 
mented, and M. de Jarny had taken it over in a manner 
which was very entertaining. 


Mr. R. C.S. WALTERS, seconding, said that M. de Jarny 
had presented the paper extraordinarily well ; appar- 
ently he knew the site of the Temple Barrage very 
well and had been concerned with the work. In 
addition, he had presented three excellent films to 
reinforce the valuable information given in the paper. 

(The vote of thanks to M. de Jarny and M. Brice was 
accorded with acclamation.) 

M. de Jarny briefly responded. 


Mr. PETER ScoTr congratulated the contractors 
responsible for the construction of the Temple Barrage 
on having completed the work on time—an achievement 
which was seldom seen in this country nowadays! He 
did not enter, however, into the reasons for it. 
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Asking for information of the contract price and the 
actual cost of the work, he said that we in this country 
were troubled with continued inflation, and his experi 
ence was that there was an increase of 7-10 per cent. ir 
costs in each succeeding year, which doubled the dis 
advantage of being unable to complete the works or 
time. 

The section of the paper dealing with the tunnel: 
interested him, particularly in view of the speed o 
advance achieved in driving them. In this country 
great speeds, even spectacular speeds, could be and hac 
been achieved in the driving of small tunnels, but one: 
we came to the big tunnels the speed of output seemec 
to drop well below that which he had heard was achievec 
in America. The reason seemed to be that the smal 
tunnel could be bonused and the workmen would get 
into a good swing and would produce spectacular results 
but once we began to open out the tunnels to largei 
diameters the bonusing became more difficult and the 
output dropped accordingly. The tunnels described it 
the paper were small, presumably because of the higt 
head available, which required so little water. 

Next, Mr. Scott commented on the emphasis whicl 
was laid in France on the tunnel ventilation problem 
In all the tunnels he had dealt with in this country, hi 
said, ventilation had not been a major problem ; wi 
always ventilated artificially as a matter of course until : 
tunnel was holed through, and then we had the advantag: 
of natural ventilation. Probably a reason why ventila 
tion was not a major problem was that wet drilling wa 
used, for the water, of course, did lay the dust ver 
considerably. 

Taking the paper as a whole, the point of greates 
interest to Mr. Scott was the author’s attack on th 
high head scheme. M. Brice was a champion of the loy 
head scheme, and the one discussed in the paper wa 
most interesting. We in this country, had not the sam 
opportunity to develop low head schemes, because ou 
rivers were not of sufficient volume ; very few of ou 
rivers could be treated in the way M. Brice had treate 
the river Lot. 

Whilst Mr. Scott believed that the low head schem 
described might be more economical than the high hea 
scheme referred to, he felt that perhaps that statemer 
required some qualification. As M, Brice had said, th 
amount of power produced was the product of th 
quantity of the water and the head of the fall. Bu 
another consideration was the load factor of the statior 
and the low head scheme described seemed to work o 
40 per cent. load factor or something of that natur 
He asked what was the load factor of the Temple Ba: 
rage station. 

With low head schemes of that nature, to which w 
in this country usually referred as “run of the river 
schemes, we had either to install very little plan 
sufficient to deal with the low flow, in which case we lo 
a lot of water power during the periods of high flow ar 
medium flow ; or we might install plant for the averaj 
run of the river, in which case part of the plant wi 
idle during dry weather and a lot of water ran to was 
during the flood season ; or we could install a gre 
deal of plant to take advantage of the high flood, mu 
of that plant being idle during the rest of the year. 

The same sort of consideration applied, of course, 
the high head schemes. Mr. Scott felt it was for reaso’ 
of brevity that the author had confined his remarks 
high head schemes where it was not possible to provi' 
reservoirs at the upper ends of the catchments ; 
his remark about being unable to maintain a continu 
output would be correct, of course, in such cases. 
Scotland we resorted to the reservoiring of schemes 
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the utmost extent, so that we could use every cusec 
' of the small amount of water available to us. Most 
of those schemes were such as M. Brice would term 
medium head schemes, of 500-800 ft. head, and in most 
cases they operated at a very high load factor. Schemes 
used for aluminium production operated at as nearly 
as possible 100 per cent. load factor, because they were 
required for continuous metallurgical processes through- 
out the 365 days of the year. In the case of the schemés 
being constructed for the Scottish Hydro-Electric Board 
we had the benefit of the grid ; nevertheless, most of 
them were to operate at fairly high load factor. Buta 
few, such as the Sloy and Galloway schemes, had the 
vantage of using a high flow for a short period, the 
balance being made up from thermal power stations 
supplying through the grid. 

Perhaps M. Brice was a little unfair to the high head 
stations, in that he had not given them the benefit of 
having reservoirs. However, probably that was because 
he did not wish to go into too great detail. 

- Commenting on a remark by M. de Jarny concerning 
the suitability of the African rivers for low head develop- 
ment, Mr. Scott said he did not know which of the 
African rivers were envisaged, but those with which 
he had had anything to do were far from having steady 
flow. He had in mind particularly a river in the Gold 
Coast having an average flow of something like 40,000 
cusecs, its dry weather flow being only about 2,000 
cusecs ; that would not be suitable for an unreservoired 
site, Similarly, most of the other rivers—the Zambesi, 
the Niger, the Kafue Congo, and so on—appeared to 
suffer in the same way from the high evaporation during 
the dry season, which made the difference between the 
low flow and the average flow too great, he imagined, to 
allow low head schemes to be economical. 


“Mr. W. HaAwtTHorRNE expressed his gratitude to 
M. Brice for the trouble he had taken in preparing the 
paper, and congratulated him on having so admirable 
a deputy, who had delivered the paper in a most excellent 
Manner. It was a great pity that M. Brice was not able 
to reach London, so that he could have seen how very 
much the meeting had enjoyed the paper. 


The speaker said he had gathered that the intake to 
each turbine was divided into two channels, and he 
presumed that each channel had some sort of gate which 
could be closed down when it was necessary to de-water 
aturbine. He would be interested to know what kind 
of gates were used. There was a pair of gates for one 
urbine. Ina station where there were several turbines, 


serve for all the intakes ? 


Secondly, were the gates capable of being lowered 
against the full runaway flow, in case a machine suddenly 
ost its load and the turbine guide vanes could not be 
losed owing to some defect of the governor servo motor ? 


Thirdly, how were the gates released in emergency ? 
Were they released electrically by remote control from 
he station, or were they released manually by operating 
he head gear ? 

Coming to the driving of tunnels, Mr. Hawthorne 
sked what precautions are taken in France against 
remature explosion of the blasting charges when there 
re thunderstorms in the neighbourhood? In this 
ountry, he said, fatal accidents had occurred owing to 
le charges being detonated during thunderstorms before 
e firing arrangements were completed and the work- 
en withdrawn. 

Finally, he asked whether in France there had been 
le due to the corrosion of concrete by the water in 


Was there a gate in each channel, or did one pair of gates. 
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hydro-electric schemes, and what kind of cement was 
used for facing the concrete linings of the tunnels. 


Mr. FauLKNER NvTTALL, as a visitor, joined in 
thanking both M. Brice and M. de Jarny for the excellent 
stimulation they had given us to re-investigate some of 
the low head schemes, which usually were put on one 
side, 

Being aware that the French were investigating the 
Niger river, he asked what effect schemes may have on 
the flow as there is a possibility of a low head scheme 
on the lower part of the river in Nigeria. 


Mr. R. C. S. WaLTeERs, discussing provision for flood 
water through the sluice gates, said that he was con- 
cerned with waterworks dams and it was the practice 
in that sphere to provide overflows which, without 
involving any manual labour whatever, would take the 
maximum of any flood which might occur in a thousand 
years. He assumed that at the Temple Barrage on the 
River Lot there was some control system which would 
operate the sluice valves, and he asked what depth of 
water would flow over the concrete sill at the bottom 
of the sluice gates. 

In this country, he continued, we regarded a low flow 
dam as one dealing with a fall of up to 12 ft., whereas in 
France a low flow dam would be one for a fall of about 
10 metres. Examples of low dams here were those at 
the West Hampshire waterworks, near Christchurch, 
where the fall was 3 or 4 ft., and in the Chester scheme, 
where the fall was about 12 ft. At the West Hampshire 
works, hydraulic power was used in connection with the 
waterworks, but the Chester scheme was purely for 
generating electricity, although the nearby waterworks 
used some of the electricity. 

There was no doubt, he continued, that low pressure 
schemes were becoming of greater importance, and that 
was why M. Brice’s paper was so interesting to him and 
to other water engineers ; they were using the low heads 
in connection with their ordinary water supply dams 
for generating current to be used in and about the works. 

Apparently there was no navigation on the River Lot, 
for there was a dam there before the new one was 
erected. In this country the necessary “‘ paraphernalia ”’ 
had been referred to ; we should want a lot of para- 
phernalia to block even some of our minor rivers, which 
might be useful, and we should have a great deal of 
difficulty in acquiring rights. 

Broadly speaking, he said the Report of the Water 
Power Resources Committee (1921) had rather suggested 
that there was no dam site in this country worth de- 
veloping for electric power generation. Nowadays, 
however, owing to the difficulty with regard to coal 
supplies and to increased costs, it would appear that that 
view might have to be revised. 

Finally, as an old Appleby Frodingham boy, Mr. 
Walters added his thanks to M. Brice and M. de Jarny. 

M. de Jarny replied to some of the points raised in the 
discussion, but deferred his reply to others until he had 
obtained the necessary information from M. Brice. 

First, in a reference to Mr. Scott’s comment that 
costs of construction in this country were increasing 
at the rate of 7-10 per cent. each year, he said that in 
France they would be delighted if the increase of costs 
each year were only 10 per cent. The rate of increase 
there was in fact far more than that, and in addition 
it was very irregular. Sometimes, as in 1949-50, costs 
would remain fairly stable for a period approaching a 
year, but during the last year particularly costs had 
risen at an alarming rate, so that it became extremely 
difficult to fix a cost per unit. The costs quoted in the 
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paper were those obtaining at the beginning of 1951, but 
already they were entirely inapplicable. 

With regard to the ventilation of tunnels during the 
driving of them, he said that for the sake of clarity his 


pictures had shown the drilling of a hole without water - 


injection. But, of course, water injection was in fact 
used. It was necessary to cope with the density of gas 
and dust in the atmosphere in accordance with the 
regulations, and the densities had been brought down to 
rather low figures in order to avoid difficulties with the 
workmen and with the administration. 

Discussing Mr. Scott’s reference to high head and low 
head falls, he said M. Brice did not condemn high head— 
indeed, in France they were constructing high head 
falls—but his purpose was to point out that there was 
still a great deal of interest in low head falls. Apart 
from the scheme dealt with in the paper, quite a number 
of others of that description were being carried out in 
France. At one period it was considered that to 
construct schemes involving a height of less than about 
500 ft. for hydro-electric power generation was a waste 
of time, but nowadays we had come to a more moderate 
view. His personal impression was that the policy of 
building enormous plants, such as those in America 
particularly, would have to be revised ; it was probably 
more valuable to construct plants of more moderate 
sizes, and to have more of them. If a plant such as 
that at the Boulder Dam, for example, were put out of 
action, those concerned would have a great deal to cope 
with, whereas if a plant such as that of the Temple 
Barrage were put out of order, the country would not 
suffer, because there were quite a number of others in 
operation. 

Of course, Mr. Scott was perfectly right in his 
advocacy of the provision of reservoirs. Indeed, in 
France they were tending towards the idea that every 
hydro-electric installation should have a_ reservoir, 
where that was possible. M. de Jarny recalled the film 
he had shown of the barrage in the Pyrenees and said 
that its function was precisely that of creating a reservoir 
for three already existing stations on the run of the 
river downstream, which previously had suffered the 
drawback of having too little water on some occasions, 
whereas on other occasions they had more water than 
they could use. The reservoir there had a capacity of 
some 10 million cubic yards of water, and although the 
scheme was not absolutely ideal from the point of view 
of regulation, it had effected considerable improvement 
on the conditions prevailing previously. 

There was no question, therefore, that wherever 
possible reservoirs should be provided in connection 
with such schemes ; and in fact that was done. In 
connection with mountain installations, however, in- 
volving very high falls, it was not always possible to do 
that; either the features of the country did not lend 
themselves to the provision of reservoirs, or the expense 
involved would be enormous. 

But a new technique was beginning to be applied in 
France, which consisted of reservoiring a glacier and 
building a gallery underneath for the collection of water. 
A plant which was more or less experimental had been 
constructed under Mont Blanc, on the French side, 
and at a later date we should be able to determine 
whether or not the plant was really efficient. 

Before he could answer Mr. Scott’s question concerning 
load factors he would need more information from 
M. Brice. 

He fancied that the remark concerning the African 
rivers and their suitability for low head development 
was his own, and perhaps he should not have made it. 
In some of the rivers in France the difference in the 
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flows as between high and low tide was infinitely greater 
than was indicated by Mr. Scott’s figures for one of the 
African rivers ; in one instance, that of the River 
Truyere, the flow dropped from roo cubic metres per 
second to 2 cubic metres per second—a drop of 98 per 
cent. That was not uncommon in the mountain rivers ; 
indeed, they were torrents rather than rivers, and 
engineers in France were very much concerned about 
the irregularity of the flow in some of them. 

Coming to Mr. Hawthorne’s question concerning the 
gates in the turbine intakes, he said it would be necessary 
to refer to the text before he could answer clearly and 
adequately. For the moment, he said there was a 
chain grid to arrest debris which was floating in the 
water, and there was a gate for each turbine. He 
believed, but was not certain, that all controls were 
duplicated, there being both electrically operated and 
hand operated controls in case either failed ; that applied — 
not only to the turbines, but to the complete outfit. } 

The charges used in driving the tunnels were detonated 
electrically. In one of the pictures he had shown there 
was a fuse, but that was used when taking the photo- 
graph merely for demonstration purposes. 

Dealing with Mr. Faulkner Nuttall’s comment of 
stimulating the re-investigation of low head schemes, he | 
said he was not sufficiently familiar with the facts to be 
able to pass judgment concerning the trends in France, 
but there was no question that installations which, so 
far as height was concerned, were regarded as being 
impossible a few years: ago from the point of view of 
efficiency were now being taken into consideration ; due 
to the improvement of hydraulic and mechanical 
equipment, those installations were now capable of 
giving very good service. 

(M. de Jarny intimated that he would reply to the 
remaining questions in writing.) 

At the conclusion of the meeting, the President 
complemented M. de Jarny on the very able manner in 
which he had dealt with the discussion, and said he had 
made a most excellent proxy. 

On behalf of the British Section of the Société, Mr. 
Rk. C. S. Walters expressed thanks to the President, 
Council and Secretary of the Institution of Structural 
Engineers for having permitted the use of the lecture 
room for the presentation of M. Brice’s excellent paper. | 


Written Reply | 


(A) Hydro-Electric Installation 


(1) The ratio between the average and maximum power 
may vary considerably, according to the desired aim— 
production of peak load or current by “ the run of the 
river.” 

In high head installations which operate frequently 
at peak load, it is possible to obtain, by use of a storage” 
reservoir, up to 1,000 hours of running per year at a 
pressure much greater than the average (e.g., the Tignes 
Barrage). 

The ‘run of the river ’’ installations provide the best 
results in the majority of cases. At Temple, a certain 
daily reserve gives a peak load for several hours during 
the autumn and winter evenings, amounting to 2,000 
hours. This figure may even be exceeded and a time of 
4,000 hours reached. 

(2) As far as installations on very great rivers are 
concerned, the generated power is always small, relative 
to that possible; so much so that the possibility of linking 
up over very great distances, from continent to continent, 
or the use on the spot, is not possible under present 
conditions. 

As to the flow of big rivers, this is a question of type. 
It is certain that a large catchment area with gently 
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sloping banks, reduces appreciably the relative im- 
portance of floods, but the climatic conditions through 
‘which the river passes, may have a considerable influ- 
ence. It is only necessary to quote the case of the Nile. 

(3) Nowadays, very small heads of the order of 2m. are 
considered for practical use, producing only a few 
thousand kW. 

These installations would be very simplified, composed 
of a turbine, an asynchronous motor, serving the general 
; grid, controlled by a central station and functioning 
automatically. 

(4) At the Temple installation, the maximum head 
of water which can pass over the weir is 12m. 

The four sluice gates, when opened, allow of a maxi- 
)mum flow of 4,000 m3/sec., which corresponds to the 
/Maximum attainable, account being made for the altera- 
‘tion in level of the water on the downstream face in 

time of flood. 

(5) There are no valves in front of the turbines. The 
power regulation is obtained by the rotation of blades 
of a Kaplan wheel and by the opening of a distributor, 
which are both controlled by electro-mechanical regu- 
lators. ; 

Provision has been made, in case of repair being 
necessary, for the use of cofferdams, formed by indi- 
vidual beams, which are slid into prepared grooves in 
the concrete. 

These units forming the cofferdam, are carried by a 
lifting device fixed beyond the cleaning apparatus of 
the grills. It takes about three-quarters of an hour to 

_ put them in place. 

If, in consequence of a mechanical breakdown, the 
distributor and the turbine blades do not function, the 
‘turbine itself can run without load for something up 
to an hour. 

The turbine and alternator are designed to run at a 
speed of 24 times the normal, without damage, during 
this period of time. 

(6) So far as the question of cost price of installations 
is concerned, it is difficult to give precise indications 
‘when we have to bear in mind continually changing 

values of money. 

However, we might say that for Temple Sur 
Le Lot, the cost of installation, divided by the 
number of kWH produced per year, is of the order of 


3,000 million 


a—.37. Ir, 
80 million 


_ This figure is one of the lowest. For big installations, 
such as those on the lower Rhone, we speak of 80 frs. 


For high head installations, fed by a lake, and supplying 


peak load current, a figure varying from 150 to 200 frs. 


may be reached. 
; (B) Tunnels 


_ The proposed method for driving tunnels is especially 
studied for those tunnels of small section, which are by 
far the most frequent. 

_ It has been necessary to develop a process which 
permits of sufficient speedy progress in the narrow 
galleries (an average of 8m. metres a day), so as to 
obtain acceptable cost prices. However, this technique 

“could also be valuable in the case of driving the advanced 
galleries for tunnels of large section, when the indifferent 

quality of the soil does not permit the demolition of the 

whole face. 

-When the nature of the soil permits, the driving of the 

allery may be made for the whole face, the miners using 

1 moving scaffolding for the driving of the upper portion. 

f the section is sufficiently large, the removal of the 

oil may be made directly by lorries circulating in the 

allery. 
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The maximum possible use of water injection is made, 
when drilling holes, so as to suppress the dust which is 
unavoidable. 

(2) As a measure of security, a certain time must 
elapse after the explosion of the charges, before the 
personnel take up their positions again for drilling. 

The miner in charge must always proceed to examine 
the holes himself, in order to test the bottom of the 
charges. To-do this, a good light at the front of the 
cutting is necessary. This inspection is particularly 
necessary in the region of the steppings, because of the 
position and the possibility of the excavated material or 
even water filling up the holes that have already been 
formed. 

When the bottom of the holes has been established, it 
is recommended that a live cartridge be pushed into the 
hole in contact with the charge, so as to explode it. In 
order to prevent putting the cartridge in contact with 
fragments which might ignite it or in contact with the 
walls at a temperature which is too high, it is specified 
in France that a period of at least half-an-hour must 
elapse before the actual putting in place of this charge, 
and as a further precaution, it is necessary to push a 
ball of greasy clay to the bottom of the hole before 
placing the charge. 


Supplementary Note on the Discussicn 


The questions asked during the discussion following 
the lecture have been answered in the earlier responses 
by M. Brice. Nevertheless two subsidiary questions 
remain. These are given below, together with the 
answers. 

(a) In France, has there been any trouble due to the 
corrosion of the concrete, and what precautions are 
taken to guard against this corrosion ? 

The main cause of corrosion is freezing. 

There does not seem to be the perfect method of 
protection. It would appear, however, that a facing of 
prefabricated concrete blocks of excellent quality, and 
well anchored to the body of the barrage by suitable 
reinforcement, might give satisfactory results, provided 
the joints are made with a certain flexibility. 

Experiments with “ guniting’’ have given some 
results. 

(b) Concerning tunnels, experience in England indi- 
cates that accidents have occurred as a result of the 
premature detonation of the charges during storms in 
the vicinity of the sites. Does the lecturer know of 
similar experiences in France, and what precautions are 
taken there to guard against such accidents ? 

It is unfortunately true that while using electric 
detonators frequently enough accidents have occurred. 

The cause has not been exactly explained. It seems 
that it is necessary not only to guard against the action 
of electrical discharge during a storm, but also against 
the phenomenon of condenser capacity between the 
wires and the ground. 

A perfect insulation of the wire inside the detonator 
itself, is essential. 

In any case, the following precautions are recom- 
mended : 

(t1) During a dangerous period, electric charging 
operations should be suspended, and the workmen 
should move away from the face of the cutting. 

(2) At all times, prevent the trailing of the ends of the 
detonator wires on the ground, especially if this is damp 
or inundated, and more than ever from touching the 
rails. 

(3) Set up some form of storm detector (such as a 
wireless receiving station, or barometric gauge). 
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A New Approach to the Elastic Analysis of 
Two Dimensional Rigid Frames 


Discussion on Mr. Arthur Bolton’s Paper* 


Corrigenda 


THE STRUCTURAL ENGINEER, Vol. XXX, No. 1, 
January, 1952. 

P. 2, col. 1, penultimate line. For Mag + Mpc = 0 
read Mpa a Merc = 0. 

P. 3, Fig. 3. In the left-hand sketch, the moment at 
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P. ro, Fig. 15 (b). Top left-hand sketch, immediately 
under the words “No Shear,” the figures .285 and 
.285 on the stanchion should be in each case —.285. 


Mr. Botton, presenting the paper, said he would not 
dwell on the first part of it, nor attempt to deal with the 
way in which his concept of a method of analysing rigid 
frames fitted into already accepted methods. The 
history of science in general over the last 500 years 
showed that very often new approaches were not so 
much due to the better observation of facts, better 
experimental techniques and so on, but rather to a 
ditferent viewpoint. He wanted to offer, not just a 
method of analysing rigid frames, but a new viewpoint ; 
he asked the meeting to consider the structure as a 
whole, rather than individual members of it. 


The CHAIRMAN proposed a vote of thanks to the 
author and declared the meeting open for discussion. 


Discussion 


Dr. E. H. BATEMAN (Member) said he had listened to 
Mr. Bolton with great appreciation, and he had gained 
a much better understanding of the method from the 
presentation of the paper than he had been able to do 
from his reading of it. That was due to some of the 
examples which Mr. Bolton had added, and which could 
not be included in the published paper. 

Having been looking at Mr. Bolton’s paper during 
the week-end, he was glancing at the headlines of a 
Sunday newspaper and had seen the statement at the 
top of one column, “‘ There are several different ways 
of kicking a football.” (F.A. Manual on Coaching.) 
That had led him to the thought that there were a very 
large number of different ways of analysing the portal 
frame which Mr. Bolton had given as his first example. 
The introduction of new solutions from time to time, 
therefore, was to be regarded as a perfectly natural 
phenomenon. The portal frame was a very interesting 
and friendly little job. There was something unique 
about it ; it displayed almost every method to the best 
advantage, although perhaps the slope-deflection equa- 
tions, written in full, did not come down quite so com- 
pactly. Still, for perhaps a dozen or so of the various 
methods available, the portal frame gave a neat solution, 
and Dr. Bateman was glad that the author had extended 


* Presented at a meeting of the Institution of Structural Engineers 
at 11, Upper Belgrave Street, London, S.W.1., on Thursday, 
January 24th, 1952. Myr. Walter C. Andrews, O.B.E., M.I.C.E. 
(President) in the Chaty. Published in THE STRUCTURAL ENGINEER 
Vol. XXX, No.1, p. 1. 


The Structural Engineer 


— es 


—— 


his work by the two examples he had given at the end. 
The reader’s first reaction to a new system was to 
discount its application to the simple rectangular portal 
and to look for the results of more difficult applications. 

Going beyond the portal, it appeared that there were 
still many workable methods from which to choose, 
Professor A. L. L. Baker,! after outlining about half-a- 
dozen, stated : ‘‘ An engineer should adopt the method 
which he finds to be the easiest to understand.’’ Those 
who had mastered one or two earlier methods would. 
not be too keen to add to their lists the method put 
forward by Mr. Bolton, and Dr. Bateman looked to 
some of the students, to the young men who had just | 
come down from college, to contribute to the discussion 
and to say what they thought about it. As a member 
of a “rival firm,’ he declared his interest in methods 
he had invented himself ; so that he was not an impartial 
judge ! 

The interesting remark was made quite recently by 
Professor J. F. Baker? that : ‘‘ During the past: 20 years 
greater advances have been made in the elastic stress 
analysis of structures than in any other branch of 
applied mechanics. .. Now there are virtually no 
insoluble theoretical problems.’’ Dr. Bateman was 
inclined to put in a claim for some small responsibility 
for that advance, for he was one of the few people who 
had solved the fixed base multiple bay frame with pitched 
or arched roofs,? which was beyond the range of 
the semi-graphical method of R. G. Robertson,* the 
MacLachlan Lecturer of 1948, but was solved by 
Beaufoy and Diwan? in 1949. 

Personally, he felt that Professor J. F. Baker had 
taken much too narrow a view of applied mechanics, 
but in any case the Professor could not have been think- 
ing of the slope-deflection equations which Mr. Bolton 
seemed to take as a standard of reference. 

The title of Mr. Bolton’s paper was very ambitious—_ 
““A New Approach...” When engineers were asked 
to look at a new approach to theory of structures, many 
of them probably had in mind what Sir Richard South- | 
well said at Bristol in 1949.6 Referring to the need 
for new methods of attack on statical problems, he had 
suggested that inspiration be drawn from Rayleigh’s 
principle, and had said : ‘‘ To me it seems that its most 
important feature is in its treatment of the system as a 
whole—the fact that it deals throughout with integral 
quantities (the total potential and kinetic energies).”’ 
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2]. F: Baker. “Shortcomings of Structural Analysis.” 
ENGINEERING, Vol. 173, p.57. January, 1952. 
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Thus, Sir Richard wanted the structure to be treated 
as a whole. At the moment Dr. Bateman was not 
prepared to say how far Mr. Bolton had gone in that 
‘direction. On the evidence so far presented, judgment 
must be reserved, and Mr. Bolton’s application to 
problems of greater weight would be watched with 
‘interest. 


Mr. STANLEY VAUGHAN, (Vice-President), thanked 
Mr. Bolton very heartily, not only for the written paper, 
but also for the way in which he had clarified the minds 
of his hearers by his very clear elucidation of the prob- 
lems invoived in the elastic design of rigid frames. He 
had made out an excellent case to show that his new and 
original method had certain very definite advantages 
in the direction of simplicity over other methods in 
current use. 

The author’s method had appealed to him particu- 
larly because it did not depend on the solution of 
abstruse mathematical calculations in which one could 
not visualise what was happening during the mathe- 
matical operations. In the author’s method, the need 
for mathematical calculations was replaced by the 
drawing up and tabulation of the successive steps to be 
carried out in any given case. This required careful 
and logical thought but was distinct from the direct 
application of a mathematical process. Once the 
operations to be considered had been tabulated, the 
introduction of the necessary figures and the develop- 
ment of the solution required only elementary arith- 
metic. 

The author had moreover shown in the examples 
which he had presented that his method was applicable 
not only to simple problems of rigid frame design but 
also to the most complicated problems. Mr. Vaughan 
congratulated the author on the presentation of his 
paper, and he recommended the method to the attention 
of engineers. 


_ Mr. S. K. Lisyxa (Associate-Member), asked whether 
‘the author had thought about applying his method to 
‘structures with varying moments of inertia ; in the 
examples given in the paper it was assumed that the 
moment of inertia was constant. 

_ He asked also whether it would be possible to make 
the method more automatic because, although there 
were many methods, they were complicated. The 
moment distribution method was purely automatic ; but 
in the method as at present described by Mr. Bolton one 
had to think too much about how to deal with the 
structure. 


Mr. JoHN Mason (Hon. Secretary), congratulated the - 


author on his paper, particularly on the enthusiasm with 
‘which he put it forward. By his presentation at the 
Meeting he had made the subject very much clearer 
than it appeared to be from a reading of the paper. 
Mr. Mason added that he was particularly interested in 
this problem, and many years ago he had even managed 
‘to persuade the Institution to publish his ideas on the 
Subject. But inasmuch as he had not come in for an 
“Honourable Mention” by Mr. Bolton, perhaps he 
would be forgiven for not having prepared a script ! 

P However, the author had presented an interesting 
idea, when he referred to type solutions. After all, 
every additional tool that the mathematician had in 
his bag was of value, because there were always arising 
problems in the solution of which that particular tool 
would assist. But Dr. Bateman had summed up the 
position very well when he had said that the easiest 
‘Method was obviously that which one knew best, and 
e method which one knew best was equally obviously 
lat which one had struggled to devise for oneself. 
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In watching the author produce his solutions it had 
seemed that he was not doing anything other than to 
solve simultaneous equations, by taking so much of one 
line and adding so much of another until the items 
cancelled out. Apart from the idea of the type solutions, 
Mr. Mason could not appreciate that the author had 
departed much from the ordinary solution of simul- 
taneous equations. 

In that respect Mr. Mason had always felt very 
strongly that with slope-deflection which deals with the 
rotation of a joint, involves but one unknown each time, 
whereas in the solutions the author had put forward 
he was dealing all the time with at least two : instead 
of the rotation at (say) B, he was dealing with the 
moment on one side of B as well as the moment on the 
other side of B. That, one felt, was an insuperable 
disadvantage. He agreed about the convenience of 
dealing with moments, which many people considered 
was easier to think of than rotations ; but he had never 
found any great difficulty himself. 


Mr. BoLton expressed agreement with most that 
Dr. Bateman had said. But he added that it was absolutely 
possible to deal with a polygonal roof, for instance, or 
curved members, so long as we knew the carry-over 
factor and the equivalent stiffnesses. In some cases 
it might be easier to obtain these by using some other 
method such as Moment Area or column analogy. But 
it was still possible to use the method discussed in the 
paper, to imagine rotations at one end of an arch, and to 
calculate only the effect carried over to the other. 

In answer to Mr. Vaughan, he said it was very im- 
portant that we should be able to see at every stage of 
the calculation what was going on in the structure. The 
other view might very well be taken, that we started 
with a set of equations, solved them and obtained the 
answer, but had no need to worry about what happened 
in between. He considered it very important, however, 
that we should know what was going on in between, if 
only to reduce the chances of error and to be able to 
find any error quickly. It was not much use, having 
solved a set of simultaneous equations, if we found there 
was an error but did not know where it was, and had to go 
through all the work again. When using type solutions 
of the form he had discussed, intermediate checks at 
various points could be made, very often automatically, 
without stopping to think. If one had made an error 
in the arithmetic it would be found when one of the 
joints which should be balanced for instance was not in 
fact balanced, and then one could go back to the last 
stage at which a check was made. He found it easier 
to detect errors by his method than by other methods. 

- In reply to Mr. Lisyka, he said it was possible to use 
his method with varying moments of inertia. It might 
sometimes be better to use other methods to calculate 
the stiffness and carry-over, but it was possible to 
calculate the stiffness and carry-over by his method. In 
fact at Manchester examination questions had been set 
to find the stiffness and carry-over for such members, 
and this method had been used by students. By splitting 
up a section where reasonable changes occurred, one 
could obtain relatively easily the stiffness and carry-over. 

As to the suggestion that the method might be made 
more automatic, he said there were two choices. We 
could make the method fully automatic, in which case 
anybody could use it, but R. C. Reese* had quoted one 
case where, after 23 cycles of balancing by moment 
distribution, the problem was still far from solution. 
If we made the method automatic, so that it could be 


*Grintey. L. E. Discussion on “Wind Stress Ana'ysis Simplified” 
Trans. Am. Soc. Cin. Eng., 1934, p. 644. 
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used without applying any thought, in general we should 
have a lot of arithmetic to do. Mr. Bolton held, however, 
that it was worth while having a skilled engineer who 
could use the method so that he did not become a 
machine, but used his intelligence and decided whether 
there was a short cut to the answer. He wished it were 
possible to have an automatic brief solution, but he did 
not think it was possible. 

Expressing agreement with Mr. Mason that it all 
amounted to the solution of simultaneous equations, he 
said he hoped the opening part of the paper showed 
that basically, for that sort of problem, there was no 
difference between moment distribution, relaxation, 
slope-deflection and other methods ; they all hoped to 
solve simultaneous equations and nobody could deny 
the fact that the solution, when obtained, was the 
answer to a set of simultaneous equations. But the 
important matter was which way we should set about 
solving those equations. If one wrote down 10 or 15 
simultaneous equations and attempted to solve them 
with a slide rule, the errors were likely to be great. If 
one solved them by successive approximation or moment 
distribution or relaxation, the errors in general would 
not be great. With a computing machine which would 
give many places as easily as two or three, one could 
solve the simultaneous equations provided there were 
not too many. But an ordinary engineer could not 


Book 


Reinforced Concrete, by Professor A. L. L. Baker : 
(Concrete Publications, 1949.) 295 pp., 92 in. X 64 in. 
15s. 


This book is a valuable addition to the up-to-date and 
useful books included in the well-known “ Concrete 
Series ’’ books on concrete and cement. It is primarily 
written for students and engineers with an elementary 
knowledge of theory of structures and who wish to learn 
the fundamental theory and practical design of reinforced 
concrete structures. The first chapter deals with 
general principles of design and includes such questions 
as working stresses, cost, etc., together with some 
beautiful photographs of buildings to illustrate esthetic 
principles. Nearly one-third of the book is devoted to 
statically indeterminate structures in Chapter IJ, and 
here Professor Baker deals very ably with most methods 
of stress analysis, including the normal membrane 
theory for thin-slab vaults. 


The usual theories for the design of reinforced concrete 
beams and slabs, columns and struts are given in a 
comprehensive manner while secondary effects due to 
creep, shrinkage and temperature are discussed separ- 
ately. A chapter is devoted to prestressed concrete, 
giving all the necessary theory and data for the design 
of such beams. 


The author gives special attention to design practice, 
Codes of Practice, costing, etc., and emphasises the 
precautions to be taken in making concrete and in the 
erection of concrete structures. 


It is easy for any reviewer to find fault with most 
books and, bearing this in mind, the writer feels that 
the value of the book to students, learning the theory 
and practice of reinforced concrete for the first time, 
would be enhanced if it contained a variety of problems 
or examples. Also it is doubtful whether creep and 
plastic yield should be treated as two separate pheno- 
mena as in Chapter V. 
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rely on having a machine ; and Mr. Bolton admitte¢ 
that he himself took more time with the computer thar 
he would take to work them out otherwise. 


All the calculation throughout had been done using a 
slide rule. One would find figures such as .4366, said 
to be obtained with a slide rule. He knew that .4366 
did not mean much, except that the answer was some 
where about .436, but it was better to carry the extra 
figure and discard it at the end rather than worry about 
eliminating a figure on which one could not rely at every 
point in the calculation. He considered that the 
method he had put forward was a better way of solving 


that the individual moments in the members meeting 
at a joint could be seen. If the engineer cared to ignore 
them he could, as for instance in Example 5 by the 
method of Fig. 16, which in contradiction of Mr. Mason’s 
statement, did use one unknown at each joint. 


But if the internal moments were retained, the 
engineer would be able to use any information he migh’ 
have of the structure to speed the solution. The method 
shown in Table 1 for example was possible only because 
the internal moments were known. : 


, 
} 
be 

: 


The book, however, covers an extremely wide field and 
it may be recommended with confidence to anyone 
interested in the theory and practice of reinfor 
concrete. RE i 


Road Curvature and Superelevation, by J. ii 
Leeming, B.Sc., A.C.G.I, M.LStruct.E.; AMILCE, 
M.I.Mun.E. (London : CONTRACTORS’ RECORD, 1951). 
64 pp., gin. X 6in. 7s. 6d. 


The author has condensed into 64 pages a conedl 
account of his own recommendations for the design of 
transition curves and superelevation with brief sectio: 
on road widening, on curves, unsymmetrical curves 
the suspended transition. Several useful nomograms 
and tables are given at the end and sufficient exampl 
of their use are provided in the text. To implement 
theory, he first carried out an exhaustive study of 
behaviour of all types of vehicles on several existing r 
curves. In the design of transition curves and super- 
elevation he deplores the wide use of the “ desi 
speed ”’ as the criterion because it has a purely theoretice 
basis. Instead he Suggests that superelevation sho 
be related to the “ hands-off speed ’’, i.e., the speed at 
which a vehicle would steer itself around the curve 
without the driver needing to apply any force to the 
wheel. However, the desired “ hands-off speed ”’ has 
to be assumed and general guidance only is given on 
this point. 


On the subject of transition curves, he departs from 
the common theory that its properties depend largel 
on the length of the transition and instead uses 
radius of the circular arc as the basis, thus avoiding the 
necessity of fitting in Standard transitions from book: 
of tables. Here the experimental data lend grea 
weight to his deductions. He works from first princip € 
throughout the book and for that reason it will b 
welcomed by practical engineers. a 
D. M. OHS 
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ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution was 
held at 11, Upper Belgrave Street, London, S.W.1, on 
Thursday, April 24th, 1952, at 5.55 p.m. Mr. Walter C, 
Andrews, O.B.E., M.I.C.E., M.I.Struct.E. (President), 
in the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections as tabulated below should be referred to when 
consulting the Year Book for evidence of membership ? 


STUDENTS 


Bence WEE Giap, of Singapore. 

BEzvUIDENHOUT, Willem Jacobus, of Germiston, South 
Africa. 

Finnis, Roy, of London. 

Goopwin, Harry, of Stirling, Scotland. 

HAYMAN, Kenneth Maldwyn, of Manchester. 

Hones, Dennis, of London. 

Joyce, Charles Peter, of Johannesburg, South Africa. 

TURKINGTON, William’ Kenneth Somme, of Belfast, 
Northern Ireland. 

WALMSLEY, Joseph Roy, of Bolton, Lancashire. 


GRADUATES 


ANDREWS, Harold John, of Margate, Kent. 

Baitey, Lawrence, of Scunthorpe, Lincs. 

BAKER, Christopher James, of Beckenham, Kent. 

‘Baker, Gordon Arthur Henry, of London. 

‘Bartak, Andrzej Jozef Jerzy, of London. 

Biritrncton, Roger Dean, of Nottingham. 

‘Bruce, Kenneth John, of Scunthorpe, Lincs. 

‘Buck, Edward Frederick George, of Leigh-on-Sea, 
Essex. 

‘DemBinskI1, Maciej Jerzy Jozef, B.Sc.(Eng.) London, of 
Middlesbrough, Yorkshire. 

DHAVALIKAR, Dattatry Ganesh, B.E.(Civil) Bombay, of 
Abmedabad, India. 

Foaxes, Jack, of Cardiff. 

Garpner, John Henry George, of Beckenham, Kent. 

Hansen, John, of Stoneleigh, Surrey. 

Hawkins, Cyril Stanley, of Iiminste-, Somerset. 

Hiceinson, Leonard, of Mansfield, Notts. 

Hinton, James, B.A., B.A.I. (Dublin), of Addlestone, 

@ surrey. 

Hueco, Nicholas Louw, of Parow, Cape Province, 
South Africa. 

LEE CurEW YUEN, of Singapore. 

Lewis, Hugh Elvet, B.Sc. (Wales), D.I.C., 

if  Poges, Bucks. 

“IM TonG PENG, of Ipoh, Malaya. 
OVELL, Geofirey Robert Wortley, of London, 
McHatiam, Henry Stuart, of London. 

ANN, Frank Thomas, B. Sc. (Eng.) London, of Hastings, 

Sussex. 

AYO, George Edward, of London. 

Bess John Herbert, B.Sc.(Eng.) London, of Ports- 

mouth, Hants. 

Nem, Gordon John, of Umbogintwini, Natal, South 

“Africa, 

EWBOULT, Robert Edward, of Bradford, Yorks. 

HOLSON, Richard Rhodes, B.Sc.(Eng.) London, of 

Portsmouth, Hants. 

AXTON, Ian Hamilton, M.A.Cantab., of Glasgow. 


of Stoke 
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PuHiLtirps, Kenneth Austin, of London. 

Poutton, Victor Thomas, of Ilford, Essex. 

Price, Selwyn Lionel, B.Sc.(Civil) Rand, of Pretoria, 
South Africa. 

Pucu, Kenneth John, of Bromley, Kent. 

RIpLeER, John Walter Arthur, of Twickenham, Middlesex 

Roe orseE, Neville du Plessis, of Discovery, Transvaal, 
South Africa. 

SARKAR, Suniti, of London. 

SMITH, Desmond Evelyn, B.Sc. St. Andrews, of London. 

Taytor, John Leonard, of Huddersfield, Yorkshire. 

Tuomas, Desmond Jethro, of Bridgend, Glam. 

WALLAGE, Peter Cecil, of London. 

WEBSTER, Hugh Richard, of Orpington, Kent. 

WHITLOCK, Christopher John, of London. 

WILLcox, Leslie George, of Walsham, Norfolk. 

Witson, Geoffrey Peace, of Whitkirk, Leeds. 


ASSOCIATE-MEMBERS 


Brown, James Archibald, B.Sc. Glasgow, A.M.I.C.E. 
of Glasgow. 

CHAPMAN, Alan, A.M.I.C.E., A.M.I.Mun.E., of Belfast, 
Northern Ireland. 

Cox, Allan Thomas Charles, of Watford, Herts. 

De Souza, Clarence Xavier Frederick, of Rangoon, 
Burma. 

FERGuSON, John Alexander, of Holytown, Lanarkshire. 

Fire, Gordon Fraser, of London. 

ForBes, William Stewart, B.Sc.(Civil) Edinburgh, 
A.M.I.C.E., of Carlisle. 

FORRESTER, Ernest, of Beckenham, Kent. 

GrrITsKy, Serge Nicholas, of Lynwood, California, 
U.S.A. 

HaicuH, Jack, of Salisbury, Southern Rhodesia. 

HonpceEns, Lionel John, of Gateshead, Co. Durham. 

Kyte, James Cecil, of Dudley, Worcs. 

Lewis, Cuthbert Pullen, A.M.I.C.E., of Reading, Berks. 

Marston, George Howard, B.Sc.(Tech.), Manchester, of 
Manchester. 

Moore, Marcus, B.Sc.(Civil), Bristol, of Derby. 

OLDHAM, Thomas, of Grange-over-Sands, Lancs. 

Ritey, Peter Inness, of Finchley. 

SLATER, Alfred, of Auckland, New Zealand. 

TAYLOR, Peter Whitaker, B.Sc., B.E. Hons. (Civil) N.Z., 
of London. 

Tuckt, Joseph, of Oldham, Lancs. 

Warp, John Edward, B.Sc.(Eng.) London, A.M.I.C.E., 
of Leicester. 

West, Frank Ernest Sidney, of London. 

West, Harry Wrigley, of Salford, Lancs. 

WILLIAMS, Geoffrey, B.Sc.(Eng.) London, of Nottingham 

Wyatt, John Alfred, B.Sc.(Tech.) Manchester, of 
Stockport, Cheshire. 


MEMBER 
McNaveut, Alfred Stanley, of Glasgow. 


TRANSFERS 


Students to Graduates 


AGuIAR, Fernando Alberto, of Johannesburg, South 
Africa. 
AustTIN, Michael, of Rickmansworth, Herts. 
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Bonpb, Derek, of Bristol. 

CHAPPELL, Ronald Charles, of Addlestone, Surrey. 

CLARK, Owen Gladstone, of Johannesburg, South Africa. 

Dirks, Raymond Elder, of Seaton Delaval, Northum- 
berland. 

Dovctas, Roderick Emmanuel, of Port of Spain, 
Trinidad, B.W.1I. 

GALLAGHER, David William, of Sydney. Australia. 

Gow KENG CHEw, of Singapore. 

Harwoop, Frank, of Manchester. 

HomeErRsTON, Ronald William, of London. 

Hopkinson, Arthur Barritt, of North Harrow, Middlesex 

Kinc, Michael Dexter, of Cobham, Surrey. 

KwiaTeEKk, Zbigniew, of London. 

Morritt, John, of Batley, Yorks. 

Morton, Eric John, of Birmingham. 

Power, Leslie Brian, of London. 

Rerp, James Ferguson, of Wellington, N.Z. 

ReitH, lan Hunter, of London. 

Ritcute, John William Carter, of New Deer, Aberdeen- 
shire. 

SALAMAT, Muslim Purwez, of Loughborough, Leics. 

Savory, Brian Mowbray, of London. 

SWAFFIELD, Geoffrey William, of Wallington, Surrey. 

Tear, Raymond George, of Brigg, Lincs. 

THOMPSON, Peter Smithson, of Harrogate, Yorks. 

Van Zyt, Dennis Christo, of Benoni, Transvaal, South 
Africa. 

WALKER, James, of Scunthorpe, Lincs. 

Witiams, Robert Raymond, of Liverpool. 


Students to Associate-Members 


AvuBREY, William Harry, of London. 
KAPLAN, Stanley David, B.Sc.(Eng.) Rand, of London. 
Nessit, John Kennard, of Buckhurst Hill, Essex. 


Graduates to Assoctate-Members 


Askew, Harold, of Droylsden, Lancs. 

ATHERTON, James, of London. 

Betts, Anthony Charles George, B.Sc.(Eng.) London, 
A.M.I.C.E., of Portishead, Somerset. 

Browne, Patrick Arthur, A.M.I.C.E., of New Malden, 
Surrey. 

Buttock, Dennis Terence, B.Sc.(Civil) Birmingham, 
A.M.L.C.E., of Kingston, Jamaica, B.W.LI. 

BurcEss, Sidney George, D.F.C., of Sanderstead, Surrey. 

CARLILE, James Sim, B.Sc.(Eng.) Edinburgh, of Edin- 
burgh. 

CooLtey, Eric Humphrey, 
Middlesex. 

Cox, Donald Charles, of Motherwell, Scotland. 

Durry, Thomas Desmond, of Warrington, Lancs. 

Ersy, John, of Bristol. 

Evans, Phillip George, of Ellesmere Port, Cheshire. 

FLETCHER, John Richard, B.Sc. Wales, A.M.I.C.E., of 
Walsall, Staffs. 

FREEMAN, Donald James, of Coventry. 

FRENCH, Norman Robert, of Darlington, Co. Durham. 

Frostick, Frank Herbert, of London. 

GRACE, John Stephenson, of Croydon, Surrey. 

GILLooLty, Lawrence, B.Se.(Eng.) Rand, of Pretoria, 
South Africa. 

Hancock, Trevor Gordon, M.A. Cantab., of Cleveleys, 
Nr. Blackpool, Lancs. 

Hanpson, Enderby Frank, A.M.I.C.E., A.M.I.Mun.E., 
of Maidenhead, Berks. 

HERBERT, Robin William, of Johannesburg, South 
Africa. 

Hitt, George Norman, of Wellington, New Zealand. 

HopcGkrnson, Allan, M.Eng., Liverpool, of London. 


B.A. Cantab., of Ruislip, 
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Hook, John William, of Chaddesden, Derby. 

IRANI, Jamshed Rustom B.E., of Bahraich, U.P., India. 

Jenkins, Ralph Alan Sefton, B.Sc.(Eng.) London, 
A.C.G.I., of London. - . 

Kemp, Kenneth Oliver, B.Sc.(Eng.) London, of London. 

Kinc, Gordon Arthur, of Swinton, Lancs. 

Kotczox, Ludwik Jozef, of London. 

Lewis, Michael Robin, B.Sc.(Eng.) Rand, of London. 

Loxton, Peter Pilkington, B.Sc.(Civil) Cape, A.M.I.C.E.; 
of London. 

Lynn, Gordon Thomas, of Cheam, Surrey. q 

MANDELZWEIG, Gordon, B.Sc.(Eng.) Rand, of Johannes- 
burg, South Africa. 

MarTIN, Raymond Frank, of Horsham, Sussex. | 

MELLETT, Edward Henry, of London. ' 

MEREDITH, William James, of Edgware, Middlesex. 

Mosss, Edward Barry, A.M.I.C.E., A.M.I.-Mun.E., of 
Alresford, Hants. ; 

MoncriEFF, Malcolm Lawrence Anderson, B.Sc.(Engy 
London, of Southport, Lancs. f 

MoTTERSHEAD, Geoffrey, B.Sc.(Tech.) Manchester, of 
Wilmslow, Nr. Manchester. 

Newman, Wolfgang Max, B.Sc.(Eng.) London, D.I.C., 
of Tumut Pond, New South Wales, Australia. 4 

O_pHAM, Norman Arthur, A.M.I.Mun.E., of New 
Malden, Surrey. 

Pask, John William, of Scunthorpe, Lincs. | 

Peacock, John Desmond, B.Sc.(Eng.) London, of 
St. Albans, Herts. 

Pearson, James Leslie, of Johannesburg, South Africa. 

Rawson, Henry Keith, of Spondon, Nr. Derby. f 

Rose, Derrick Dudley, B.Eng.(Hons.), Liverpool, of 
Liverpool. 

SHEWRING, Richard Alexander, B.Sc.(Eng.) London, of 
Enfield, Middlesex. 

Stmms, Peter, of Riddings, Derbyshire. 

Tait, Alexander, of Motherwell, Lanarkshire. 

Van Gist, Louis Jacobus, of London. 

Want, William Allister, of Brisbane, Australia. 

WaTERMAN, Harold Leon, B.Eng. Liverpool, of Twicken- 
ham, Middlesex. 

WHITEHEAD, John, of_ Wartington, Lancs. 

WoopwarbD, Colin Francis, of London. 


Associate Members to Members 


Hoses, Alan Cleveland, B.Sc.(Eng.) London, M.I.C.E4 
A.I.Mech.E., of Potters Bar, Middlesex. , 
LAITHWAITE, William Henry, of Sutton, Surrey. 


OBITUARY 


The Council regret to announce the deaths of Colonel 
Benjamin Henry Darby Hurst (Member) ; Ernest 
Wiliam BUTLER (Retired Member) ; Leslie Thomas 
Joseph SmitH (Associate) ; Geoffrey Malcolm BEn1 
(Graduate). 


EXAMINATIONS—JULY, 1952 


The Examinations of the Institution will next be hele 
at centres in the United Kingdom and overseas or 
July 15th and 16th, 1952 (Graduateship), and July 17th 
and 18th (Associate-Membership). 


EXAMINATIONS—JANUARY, 1952 


The Examinations were held in January, 1952, at thy 
usual centres in Great Britain and overseas at Auckland 
Baghdad, Beirut, Belize, Bloemfontein, Bombay, Bris 
bane, Bulawayo, Calcutta, Capetown, _Christchurel 
(New Zealand), Colombo, Cyprus, Delhi (Aligarh 
Dunedin, Durban, Hong Kong, Johannesburg, Khar 
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| ination, making a total of 376. 
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‘toum, Kingston (Jamaica), Kuala Lumpur, Lahore, 
‘Los Angeles, Lucknow, Madras, Port of Spain (Trinidad), 
‘Rangoon, Salisbury (Southern Rhodesia), Singapore, 
“Sydney, Tel Aviv, Wellington (New Zealand). 

One hundred candidates took the Graduateship 
/Examination and 276 the Associate-Membership Exam- 
Of these, 74 passed the 
Graduateship Examination, and 98 the Associate- 
Membership Examination. 


The names of the successful Candidates are :— 


| GRADUATESHIP EXAMINATION 


Acutar, Fernando Alberto, ALcock, Bruce Lawrence, 
ALTERMAN, Israel, ALTRIA, Stephen Arthur, ANDREws, 
Harold John, ATxKINS, George Frederick, AUSTIN, 
Michael, Battey, Lawrence, BAKER, Christopher James, 
‘Batt, Walter Thomas, Bonp, Derek, BoorH. William 
Harold, Bruce, Kenneth John, Buck, Edward Frederick 
“George, CLARK, Owen Gladstone, DiLKs, Raymond 
Elder, Doucrias, Roderick Emmanuel, DuERDEN, 
Thomas Brian, DuRLEY, John Edward Charles, Evans, 
Derek William Morral, GALLAGHER, David William, 
GARDNER, John Henry George, GIRITSKY, Serge Nicholas 
Gon KEnG CHEW, HANSEN, John, HArwoop, Frank, 
Hawkins, Cyril Stanley, HisBertT, Norman Trevor, 
HoFMANN, Gottfried, Homerston, Ronald William, 
Hopkinson, Arthur Barritt, Howpiz1i, Ian Barker, 
Huco, Nicholas Louw, JoNEs, Malcolm, KiNG, Michael 
Dexter, KwiATEK, Zbigniew, LEE CHIEW YUEN, Lim 
Tonc PENG, LovELt, Geoffrey Robert Wortley, McCap- 
DEN, Michael, McHaAtvam, Henry Stuart, Mayo, George 
Edward, Moore, David, MorreLt, Donald Beaumont, 
Morritt, John, Mortimer, George, Morton, Eric John, 
Murray, Ivan Arthur, NEILL, Gordon John, NEWBOULT, 
Robert Edward, ORRELL, Harold, Pucu, Kenneth John, 
RaAppDER, Theodores Johannes Cornelis, REID, James 
Ferguson, RipLER, John Walter Arthur, Ritcuiz, John 
William Carter, ROELOFSE, Neville du Plessis, Rose, 
Douglas Frederick, SALAMAT, Muslim Purwez, SAvory, 
Brian Mowbray, Simpson, Frank, SLADE, Edward 
‘Wallace, SPOONER, Leslie Allan, TAyLor, John Leonard, 
TEAR, Raymond George, THomMpson, Peter Smithson, 
‘Van Zyt, Dennis Christo, WALKER, James, WEBSTER, 
-Hugh Richard, WuitLock, Christopher John, WILDEN, 
Kenneth Leonard, WiLtcox, Leslie George, WILLIAMs, 
Robert Raymond, Wirson, Geoffrey Peace. 


ASSOCIATE-MEMBERSHIP EXAMINATION 
Arnott, Kenneth Harper, ASKEW, Harold, ATHERTON, 


James, AUBREY, William Harry, BENNINGTON, Ken- - 


ward, Betrs, Anthony Charles George, BoNE, Arthur, 
Brett, George Edmund, Brewer, John Joseph, 
Brown, James Archibald, Browne, Patrick Arthur, 
Brunpritt, Alan, BuCHBINDER, Michael, BULLOCK, 
Dennis Terence, BurGeEss, Sidney George, CARLILE, 
_ James Sim, CazaLy, Laurence George, CHAPMAN, Alan, 
‘Cox, Allan Thomas Charles, Cox, Donald Charles, 
'CrosierR, Thomas Arnold, DE Souza, Clarence Xavier 
‘Frederick, Durry, Thomas Desmond, Ersy, John, 
_Evans, Phillip George, Evans, Peter Robert, FERGuson, 
John Alexander, Fire, Gordon Fraser, FLETCHER, John 
Richard, Forges, William Stewart, ForRESTER, Ernest, 
FREEMAN, Donald James, FRENCH, Norman Robert, 
'Frostick, Frank Herbert, GiLLooLy, Lawrence, 
_Grritsky, Serge Nicholas, Haicu, Jack, HAmMILTon, 
John Patrick Kean, Hanpson, Enderby Frank, HErR- 
BERT, Robin William, Hitt, George Norman, HopGENS, 
ionel John, Hopcxinson, Allan, Hook, John William, 
ANI, Jamshed Rustom, JAMES, John Fraser, KAPLAN, 
Stanley David, Kemp, Kenneth Oliver, KIMBER, Basil 
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Richard, Kryc, Gordon Arthur, Koxiczox, Ludwik 
Jozef, Kyte, James Cecil, Lewis, Cuthbert Pullen, 
Lewis, John Charles, Loxton, Peter Pilkington, Lynn, 
Gordon Thomas, MACLEAN, Alexander James, MANDEL- 
ZWEIG, Gordon, Marston, George Howard, Martin, 
Raymond Frank, MELLEtr, Edward Henry, MEREDITH, 
William James, Mosss, Edward Barry, Moore, Marcus, 
MOTTERSHEAD, Geoffrey, NeEsBiT, John Kennard, OLp- 
HAM, Norman: Arthur, PARKINSON, George Alfred, PAsk, 
John William, Pracock, John Desmond, PEArRson, 
James Leslie, PorTER, Arthur James, RanpAtt, Alan 
Langford, Rawson, Henry Keith, RrcHArpson, Ronald 
Edward, Rirey, Peter Inness, Rosr, Derrick Dudley, 
RYELL, John, Jenkins, Ralph Alan Sefton, SHEWRING, 
Richard Alexander, SLATER, Alfred, Simms, Peter, 
SUNDLO, Nils Asbjorn Speilberg, Tarr, Alexander, 
Taytor, Peter Whitaker, TELLER, Otto George, TuckKI, 
Joseph, TuRNER, Robert William, VAN Gutst, Louis 
Jacobus, WANT, William Allister, WARD, John Edward, 
WASHINGTON, John Brian, WATERMAN, Harold Leon, 
West, Frank Ernest Sidney, West, Harry Wrigley, 
WHITEHEAD, John, WILLIAMS, Geoffrey, Wyatt, John 
Alfred. 


PRIZE LIST—JANUARY 1952 EXAMINATIONS 


The Council have awarded the following prizes in 
connection with the Examinations held in January, 1952. 

ANDREWS Prize (For the candidate who obtains the 
highest aggregate of marks in the Associate-Membership 
Examination, passing in all subjects). 


A. BRuNpDRITT, of London. 


HusBAND Prize (For the candidate who takes the 
whole of the Associate-Membership Examination, passes 
in all subjects, and obtains the highest marks in the 
paper “ Theory of Structures (Advanced)).”’ 


G. F. Fire, of Palmers Green, London. 


WALLACE PREMIUM (SENIOR) (For the candidate who 
takes the whole of the Associate-Membership Examina- 
tion, passes in all subjects, and obtains the highest 
marks in the paper “Theory of Structures (Advanced)).”’ 


J. K. Nespit, of Buckhurst Hill. 


WALLACE PREMIUM (JUNIOR) (For the most successful 
candidate in the Graduateship Examination, passing in 
all subjects). 


S. N. Giritsky, of Los Angeles. 


JUNE MEETING 


An Ordinary General Meeting of the Institution, for 
the election of members only, will be held at 11, Upper 
Belgrave Street, London, $.W.1, on Thursday, June 
26th, 1952, at 5 p.m. 


INSTITUTION PUBLICATION, 6/1952 


A revised edition of the Institution’s publication, 
“ Scale of Charges for Consulting Structural Engineers,” 
is now available and copies may be obtained from the 
Secretary, price Is. 3d. each, post free. 


REPRESENTATION 


The Council have made the following nominations 
of members to represent the Institution : 
ARCHITECTS’ REGISTRATION COUNCIL OF THE UNITED 
KINGDOM AND ADMISSION COMMITTEE 
Lt.-Colonel R. F. Galbraith (Vice-President) 
appointment). 


(re- 


ay 
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Lonpon BuiLtpiInc Acts—TRIBUNAL OF APPEAL 

Lt.-Colonel R. F. Galbraith (Vice-President). 

Mr. G. B. R. Pimm (Past-President)—Deputy. 
(Re-appointed for a further period of three years). 


ENGINEERING JOINT CoUNCIL (Session 1952-53) 
The President (ex-officio). 
Mr. J. E. Swindlehurst (Past-President). 


HONOURS 


In offering their sincere congratulations to Professor 
A. G. Pugsley, on being elected a Fellow of the Royal 
Society, the Council feel that they are also expressing 
the good wishes of the Institution. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


Hon. Secretary : C. Allen Browne, 43, Coolgardie 
Avenue, Highams Park, London, E.4. 


BRANCH NOTICES 


LANCASHIRE AND CHESHIRE BRANCH 
Hon. * Secretary: (NS. pomclaitn AG wt Rotmuci. 
29, Kenwood Road, Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 


Hon: Secretary > E.- Be Deeley} A.M.1.Struct.E., 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 
Hon. Secretary : M. H. Evans, B.Sc., 42, Church Hill 
Road, Handsworth, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 


Hon. Secretary : lan MacGregor, M.I.Struct.E., 9 
Ellison Place, Newcastle upon Tyne, 1. 


NORTHERN IRELAND BRANCH 


Hon. Secretary : S. G. Duckworth, M.I.Struct.E., 
“ Lisleen,” 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 


Hon. Secretary : D. G. Drummond, B.Sc.,M.1.Struct.E., 
Iz, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 
Hon. Secretary : E. W.. Howells, A.M.I.Struct.E., 
c/o Messrs. T. Harding & Sons, Ltd., 10-12, Market 


Street, Torquay. 
Book 


_ The Inelastic Behaviour of Engineering Materials 
and Structures, by Alfred Freudenthal. (New York : 
Wiley ; London : Chapman & Hall, 1950). 587 pp., 
84 in. x 54 in. Price 60s. 


This book presents an analysis of a wide range of 
engineering materials on a basis that is not usually 
considered by many structural engineers, as it com- 
mences with a detailed examination of the intermo- 
lecular forces. The book is concerned with problems of 
research into the mechanical properties of materials and 
of their behaviour in the testing machine or in structural 
or machine parts. 


The physical and mechanical properties, work harden- 
ing, creep and the general elastic and inelastic behaviour 
of the materials are related to the molecular structure 


Review 


The Structural Engineer 


WALES AND MONMOUTHSHIRE BRANCH 


A joint visit to the Penmaenmawr Welsh Granite 
Quarries and Llandudno has been arranged with the 
Midland Counties Branch for Saturday, June 7th. 

Hon. Secretary: E. R. Steward, A.M.I.Struct.E., 
Edrom, Ashleigh Road, Blackpill, Swansea. 


WESTERN COUNTIES BRANCH 


The Branch Annual Dinner was held at the Royal 
Hotel, Bristol, on Wednesday, February 20th. Among 
the guests were Mr. Walter C. Andrews (President of the 
Institution), Mrs. Andrews, Major R. F. Maitland 
(Secretary), and Professor Andrew Robertson. Enter- 
tainment was provided by the B.C.C. West Country 
Quartet. 

The sixth meeting of the Session was held at the 
Bristol University on Friday, March 7th, when Mr. J. A. 
Newton (Student) gave a paper on “The Civil and 
Structural Engineers’ Contribution towards the Re- 
construction of Stapleton Road Gas Works, Bristol.” 
Professor A. G. Pugsley (Branch Chairman) presided, 
and a vote of thanks to the Lecturer was proposed by 
Mr. C. H. Williams (Past Chairman), and seconded by 
Mr. E. N. Underwood (Vice-Chairman). 

A visit to the Stapleton Road Gas Works Recon- 
struction Site was held on Saturday, March 22nd, when 
members had an opportunity of inspecting the large- 
scale works under construction. 

Hon. Secretary :, C. E. Saunders, M.I:Struct. a 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Som. 


YORKSHIRE BRANCH 


Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.LC.E., 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted in the City En- 
gineer’s Department, City Hall, Johannesburg. ’Phone 
SA-TI Liye Xt. 257s 


Natal Section Hon. Secretary: E. G. Bennett, 
A.M.I.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O, 
Box 49, Merebank, Durban. 


Cape Section Hon. Secretary : R. Stubbs, M.1.Struct.E,, 
P.O. Box 1692, Cape Town. ; 


and formule are developed for small and large-scale 
effects. 
» The reader cannot fail to be impressed by the tre- 
mendous amount of work that must have gone into the 
preparation of this monumental volume. The author 
has made a very considerable contribution towards the 
detailed understanding of many of the phenomené 
associated with widely differing types of materials) 
Due to the unusual treatment, the book requires carefui 
and detailed study and is likely to have more appeal te 
the research engineer than to the orthodox designer. 
The sections on plastic bending of beams are particu 
larly interesting as they suggest methods of calculating 
for some of the more complex items associated with 
this subject which is now commanding so much atte 
tion. W. Bose 
q 
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Design of a Paper Store 


Preliminary 


Theoretical and practical considerations are, very 
‘often, poles apart. It is important therefore that the 
engineer Should be alert, at all times, to offer evidence 
to-show that his designs are behaving in a manner 
similar to that assumed when the calculations and detail 
‘drawings were being prepared. This article describes 
the structure of a paper store constructed at Watford 
for Messrs. Sun Printers, Ltd. The main item of 
interest in the design is that of the northlight portal 
frames. The various moments in these were calculated 
by strain energy methods. The movement of one of 
the frame legs was computed and deflection tests were 
carried out by a simple method, during construction. 


By E. F. Whitlam, M.Sc.(Eng.), A.M.I.C.E., A.M.I.Struct.E. 


The total amount of mild steel reinforcement available 
against the authorisation was 38 tons, and it had to 
cover both the store and a tunnel connecting it with the 
main printing works. The tunnel passed beneath the 
Croxley Green branch line of the London Midland 
Region of British Railways. Although of orthodox 
design the tunnel accounted for 12 tons of steel, leaving 
26 tons for the main design. The size of the building 
was 206 ft. 8 in. x go ft. overall and as the tonnage 
represents a figure of 3} lb. per square foot of plan area 
it will be seen that the steel allowance was low. 


The initial function of the building was for the storage 
of reels of newsprint and flat sheets of various other 
grades of paper for photogravure work. A_ further 


Fig. 1. Front elevation of paper store 


4 he results obtained were found to be in reasonable 


sreement with the theoretical considerations. 

As the calculation of any deflection involves the 
odulus of elasticity it was a useful opportunity to give 
practical consideration to this quantity on which there 
-a lack of information. 

Mention is made of some practical considerations 
hen fixing crane rails to reinforced concrete beams ; 
s is a point which is inclined to be forgotten as it 
‘curs on that border-line between the structural 
ineer and the plant engineer. 


General 


e of the initial problems was caused by the small 
tity of steel which had been allocated before even 
iminary designs and calculations had been made. 


condition was that the design was to be based on the 
assumption that at a future date the upper part of the 
building might be converted into a workshop, and 
loadings on columns and foundations had to take 
account of this. Accordingly, a design with north- 
lighting was chosen so that maximum head-room could 
be gained for the future floor. 


The basic design was for frames at 14 ft. 8 in. centres, 
two frames spanning across the width of the building. 
Columns were provided at 14 ft. 8 in. centres in the 
external walls but only 29 ft. 4 in. centres in the centre 
of the building, alternate frames being carried on a 
central longitudinal beam, which was to serve also as a 
gantry for 14-ton capacity cranes. These were elec- 
trically operated one to each span and running for the 
full length of the building. The external walls were 
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134 inches thick with 4} inches cover to the columns. 
In the interest of economy the end walls were used to 
carry the roof, thus saving two sets of frames. Normal 
framing of beams and columns was provided where 
necessary in these end walls at openings, etc. The roof 
covering was asbestos cement sheeting, lined with a 
fibreboard supported in metal strips to provide insulation 
against heat loss. It was decided to adopt purlins of pre- 
cast concrete which could be fixed to the frames and at 
the same time would give a certain degree of longitudinal 
stability to the building. Although the function of the 
building was to be solely that of a store and the longi- 
tudinal walls were devoid of any features, a most 
pleasing effect was achieved by a suitable arrangement 
of the canopy over the main doors and by correct 
proportioning of the main front wall which was taken 


et at i, 


Ls 
The Structural Engineer 


10 ft. below the excavation and in consequence it was 
decided that a bearing pressure of 2 tons per square foot 
would be used. Owing to the slope of the site the 
ground at the far end of the building had to be excavated 
to a depth of about 1o ft. before main foundation 
excavation started. The majority of the excavation 
was in flinty chalk and until the land drains were 
completed, some difficulty was experienced with surface 
water drainage into the base excavations. 


Structural Design 


The calculations for precast purlins did not call for 
any unusual considerations, although the end shear had 
to be taken carefully into account in view of the change 
of section (see Fig. 3). The question of fixing was 


Fig. 2. Internal view looking from rear of building 


up to cover the ends of the northlight frames. This 
elevation can be seen in Fig. 1, which shows a general 
view of the building. To the left of the picture the 
connecting tunnel is just visible. Fig. 2 shows an 
internal view taken from the far end of the building at 
crane beam level. 


Site 


A pre-piling survey was made, four bores being taken. 
The results showed that the ground was quite capable 
of taking loads on isolated foundations of up to 2 tons 
per square foot, but there was a weakness in the ground 
at a depth of some 16 or 20 feet below the surface 
according to position. This would have been at least 


one of satisfactory working dimensions, as the method 
used was that of anchoring pairs of purlins into the frames 
by means of a 2 in. dia. inverted U bar which was then 
grouted in. Hardwood blocks were cast in the glazing 
purlins spaced to take the glazing bars. The extreme 
ridge member was cast 7 situ to act as a positive 
longitudinal tie. 


The main northlight frames were designed as a 
redundant structure. In view of the fact that there was 
a considerable change of column section above crane 
beams it was decided to employ hinges at this level. 
Details of the hinge can be seen in Fig. 3, and Fig. « 
shows a photograph of the hinge bars. In multipk 
northlight frames the worst effects of moment are 
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usually found in the external columns, and in conse- 
quence the design was based on a single frame only, the 
two spans being assumed similar. This arrangement 
allowed a reduction to be made in the steel in the 
central column above crane beam level. The use of one 
frame leads to easier calculation of the various moments, 
without causing any serious inaccuracy. 

A single northlight frame of this form with two 


hinges has one redundancy, namely, the horizontal — 


Fig. 4. Hinge Bars 


thrust. This can be calculated from the solution of the 
standard equation. 
M 3M 
S i gee Se ORE. PRN ae | yeh ee Sar at 
EI JH 


A. = lateral displacement of hinge. 
I — moment of inertia of frame. 
and ds is measured along the frame. 


where 


usually \ = o, but in this case it was found 
FI? 

from za 5 
BEI, 


which is the deflection of the column acting as a canti- 
lever and 


L = column height 
I, = moment of inertia of column. 


This case arose as there was no lateral tie to offer any 
horizontal restraint against movement. 

The method adopted was the usual one of dividing 
the frame into suitable increments whence equation 1 
becomes 


M 6M 
Sie ds! SS See cule ad ee 
EI 3H 


and combining equations 2 and 3 the value of H is given 
from the solution of 


M 6M HLS 
Se a ie eh 
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Separate solutions were obtained for dead and dea 
plus snow load, and the equation 4 reduced finally to 
linear form : 

: 


AHA! ies ol. 5 


a, b and c being constants arising from the calculation, 
the negative sign on the right-hand side indicating the 
restraint of the column against the lateral thrust. 

In the case of wind load, however, it was necessary to 
obtain solutions of two simultaneous equations arising 
from equation 4 for (a) dead load and (b) wind load, thus 
aH + b = —c (H —Hw) . 1 Ba ae 
thus @,Hw + 6, =:—c (H —Hw) 2 2 eee 
a, and b, being different constants but ¢ remaining as 
before in equation 5 and H = thrust due to dead load 


Hw = thrust due to wind load 


It will be seen that the movement occasioned by the 


wind load has an effect on the thrust produced by dead 


load and in consequence an effect on the dead load 


DEAD LOAD BUT NO 
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Fig. 5. Bending moments in Northlight frame 


moments. The bending moments are given in Fig. 5 
The general arrangement of one frame can be seen ip 


Fig. 3. 


Crane Beams 


The internal crane beams had to take one or other o1 
both of the 14-ton capacity cranes together with the 
load of the central northlight frame column occurring 
at midspan. With this arrangement the maximum 
bending moments occurring at midspan and suppor 
were almost equal, that at midspan being shone 
greater. This permitted a fairly uniform arrangemen’ 
of reinforcement. The loading from the crane wa! 
taken as 2} tons on each of the pair of running wheel : 
this being the maximum load with the loaded carriagi 
at that side. One of the most important points o 
practical concern in the design of crane beams is that 
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fixing the crane rail to the beam. With structural 
steelwork crane rails are bolted direct to the crane 
beams and any excessive local impact which may occur 
due to irregularities can be taken up in the steel by local 
voverstressing of the beam. Normally this does not 
give rise to any particular concern. In reinforced 
concrete, however, conditions are somewhat different. 
One difficulty occurs in the actual fixing of crane rails to 
reinforced concrete and another in the fact that rein- 
forced concrete cannot accommodate impact stresses in 
the same way as steelwork ; thus it is more necessary 
to ensure a sound bedding down to the concrete. How- 
‘ever smooth the tops of the concrete beams may be 
finished it is desirable to have a packing material 
beneath the rail. Suitable materials are ‘ Ledkor”’ 
‘damp course, lead asbestos cloth (as used for boiler 
packings) or bitumen sheeting. If the surface is not 
even it is preferable to use in addition a continuous 
timber strip under the rail ; the effect of this is to 
distribute the load more evenly on the concrete. It is 
also important to ensure correct vertical alignment of 
the rails to prevent hammer impact at the junctions. 
This, if occurring, can easily give rise to shear forces of 
three or four times the designed value. In the crane 
beams in question a timber packing on bitumen damp 
course material was used and the steel bearing plate was 
continued beneath the junction between rails, which 
themselves had machined ends. The actual fixing was 
by means of rag bolts grouted into pockets formed in 
the concrete. 


General Stability 


Although the columns were tied continuously at crane 
beam level it was thought that some form of lateral 
bracing should be provided to the frames. A continuous 
im situ ridge purlin provided a longitudinal tie to the 
frames and an in situ valley gutter a further tie in the 
centre of the building. The precast purlins were 
themselves tied longitudinally but to avoid racking of 
frames in situ slab panels were cast in the penultimate 
frames. Each panel (there were four of them) spanned 
the 14 ft. 8 in. between frames and took the place of 
five purlins on the sheeted slope. 


Owing to the considerable dead load coming on to 
the columns it was possible to accommodate the bending 
stresses produced by the horizontal thrust without 
having to provide tension reinforcement as the column 
‘section used was always in compression. This resulted 
in nominal reinforcement and effected considerable 
economy. The bases were made of such size that the 
only reinforcement needed was High Tensile mesh 
fabric and all moments could be fully transmitted 
through them. 

, Ground Floor 


_ The loading for this type of floor is 5 cwt. per square 
oot. The slab was cast on the solid and as the whole 
of the site had been excavated no settlement difficulty 
as anticipated. 


A 7 in. thick slab was provided on 3 in. blinding. The 
‘slab was reinforced top and bottom with High Tensile 
mesh fabric (4.32 lb. per square yard). The fabric was 
continued through at normal construction joints. The 
positions of all the joints were carefully detailed and at 
the edge of the building and on the line of the central 
columns a movement joint of a }in. bitumen impreg- 
nated fibreboard was provided. The object of this was 
‘to prevent any settlement on the line of the ground 
eams under causing cracking. The construction bays 
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of the granolithic finish followed the lines of construction 
joints in the slab below and the size of bay was limited 
to approximately 150 square feet. Although there have 
been slight signs of shrinkage cracks along the con- 
struction joints no other floor cracks have been seen in 
the 21 months the floor has been in use. 


Lateral Displacement of Frames 


In the calculations the value of the lateral displace- 
ment of the external columns was estimated to be 
between % in. and 4in. This is no great amount, but in 
view of the fact that the crane beams would require to 
be fixed at accurate centres it was thought that further 
attention should be given to the question of the actual 
movement that took place. 


Four external columns were selected at the ends of 
two consecutive frames. It was not convenient, unfor- 
tunately, to take more frames owing to the obstruction 
of the contractors’ scaffolding. Of the four selected, 
two had a central column and two had the northlights 
at midspan of a main crane beam. The proximity of 
scaffolding to the external crane beam made it impossible 
to plumb the columns from.this level and so a point 
3 ft. below the beam was selected as the upper point and 
2 ft. 6 in. above the floor as the lower point. The offset 
from two scribed lines one at each level on the column 
was measured by using a plumb bob on very fine twine, 
suspended from small brackets at the higher level. The 
measuring was carried out with a steel rule graded in 
inches and hundredths. It was found that readings 
could be taken accurately to 1/100 inch, and this was 
considered to be sufficiently correct for this purpose as 
it represented about 2-24 per cent. of the total movement. 
The difference between the upper and lower readings on 
the columns was taken to ascertain the “ out of plumb.”’ 
Three sets of readings were taken. The first was taken 
as soon as the columns and crane beams had been 
completed and gave the zero error, due note being taken 
of the direction of this (i.e., whether inwards or out- 
wards) ; it was found that there was only a slight degree 
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Fig. 6. Values of deflections measured on site 


of out of plumb in each of the four columns, the worst 
case being about } in. The second set of readings was 
taken as soon as the soffite shutters of the frames and 
the propping had been removed, Although the deflection 
at this stage had not been calculated it was thought 
useful to record it to show if any excessive initial move- 
ment was taking place. The actual values at this stage 
were from } in. to 1/5 in., which seemed reasonable. 


152 


The final set of readings was taken when the main 
structural work was complete and the services (heating 
and electrical) had been installed. These results were 
not greatly in excess of the second set, being between 
1/5 in. and 3/10 in., an increase of some 50 per cent. 
The values were adjusted in accordance with the deflec- 
tion curve for a cantilever and were as shown in Fig. 6. 


The ratio of the dead load of the frame to the total 
load of the roof is 1: 1.7. The ratio of deflections for 
these cases was 1:1.5. The greater initial deflection 
is probably due to slight creep in the concrete and 
possibly due to slight movement as the structure took up 
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Fig. 7. Whitney’s curves for stress—strain relations 
in concrete cylinders 


the load, or to slight resistance of the 43 inch brick skin 
(which was only in lime mortar) at the start, increasing 
as movement took place. The latter may be a preferable 
explanation as creep should have taken place in both 
cases. The age of the columns had not increased greatly 
between the times of second and third readings. The 
value of the calculated deflection is dependent on the 
value of E, the elastic modulus for concrete. This is 
often assumed at 2,000,000 lb. per square inch, or in 
recent times 3,000,000 lb. per square inch. 


An alteration of 50 per cent. in this value would have 
a corresponding effect on the calculated values of 
deflections. 


The author considers that a more satisfactory value 
for the concrete actually used on site can be obtained 
from the cube results. It is fully appreciated that the 
cube results do not necessarily record the precise strength 
of the concrete in a structure but are used as a guide to 
its relative strength providing the same operator is 
responsible for making them each time. Cubes are not 
normally used for compression curves to assess the value 
of the modulus. This is usually done on cylinders, 
6 in. dia. x 12 in. long being the size in general use. 
The cube strength results at 28 days on this contract 
varied, but from the results obtained it seemed reasonable 
to take a general value of 5,000 lb. per sq. in. This 
was for a mix1: 14 : 3, and several cube results were 
considerably higher. 


Professor R. H. Evans' has given a relationship 
between cube and cylinder strength. For a cube 
strength of 5,000 lb. per sq. in. the corresponding 
cylinder strength is 85 per cent. or 4,250 lb. per sq. in. 
This stress is the only one at which the ratio is 85 per 
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cent., although 85 per cent. is the ratio often taken for 
all stresses. C. S. Whitney? gave deformation curves | 
for cylinders at various rates of loadings, shown in 
Fig. 7. Like Professor Evans, he has indicated that 
0.2 per cent. or 0.002 is the limiting strain in concrete, 
The author has found this to be so in cases of slow loading 
(about 2.50 lb./sq. inch/sec.) on cylindrical specimens. 
Professor A. L. L. Baker? suggests the use of a strain of 
0.002 from which the concrete modulus E can be ex- 
pressed as 500 U, where U = Ultimate Cylinder Strength. 
This is represented by the line OA in Fig. 8, which shows” 
Whitney’s curve for standard and sustained loading. 
This is the secant modulus at failure and not at working 
stresses. If the strain be taken as 25 per cent. of this’ 
ultimate value, i.e., 0.05 per cent. or 0.0005, the corre- 
sponding stress will be about 40 per cent. or 0.4, and the 
secant modulus will be 800 U, as shown by OB in Fig. 8. 

It is felt that it will give a more accurate value of E 
which for this structure is about 3,500,000 lb. per sq. in. 
Using this value, the calculated deflection is 0.34 inch, 
taking the moment of inertia as that for the concrete 
section of the column. (The steel is negligible in this 
case.) This compares reasonably well with the values 
of 0.45, 0.30, 0.35 and 0.30 in. as given in Fig. 6. The 
fact that two columns have a smaller deflection may be 
attributed to variations in the quality of the concrete, 
the ultimate strength of which may have been higher 
than 5,000 lb. per sq. in. 


The architects were Messrs. Stanley Peach & Partners. 
The Consulting Engineer was Mr. W. C. Andrews, 
O.B.E., M.I.C.E., M.I.Struct.E., to whom the author 
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expresses thanks for permission to publish this article. 
The general contractors were Messrs. Wm. Moss & Sons, 
Lad 
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Summary 


“ Degree of Fixity”’ methods have been widely 
developed for application to those cases of rigid frame 
analysis where sway may ,be neglected. In this note, 
the basis of these methods is examined and it is shown 
that the concept of ‘‘ equivalent stiffness ’’ is preferable 
to that of “‘ degree of fixity.’ By means of this approach 
the methods are then extended to solve two problems 
‘where sway is of importance, namely, wind loading on 
multi-storey buildings, and continuous beams on 
elastic supports. 


Introduction 


“ Degree of Fixity’’ methods, for the analysis of 
continuous frames, originated mainly as a development 
of the Hardy Cross moment distribution technique. 
Several American writers, notably Evans! and Lin?, 


Fig. 1 


contributed to the subject, and were followed by Shepley* 
who produced the treatise best known in this country. 
In this paper it is proposed to modify and extend these 
methods so as to be applicable to certain problems 
involving sway. 


The “ Equivalent Stiffness ”’ Concept 


" The underlying principle of all such methods may be 
‘illustrated with reference to Fig. 1, in which four mem- 


A 
; af 
bers of stiffness (,) values K, K,, Ky, Kg are rigidly 
if 


feonnected at the joint B. Let an external moment M 
be applied to the joint B and consider the moment May 
t the far end of the member AB. The convention of 


*Crown Copyright Reserved. 
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clockwise moments acting on ezther end of a member 
being positive will be adopted, together with positive 
clockwise rotations. 

It will be found that ifS = K + K, + K, + Kg, then : 


K us 
Mi = 2 BR) 204+ Ms —.. . (2) 
4S 2S 


Now if the system is replaced by an equivalent beam 
of stiffness K, encastered at the remote end, then 


Err Meee Be en Og Ooi Se ge ss (2) 
By comparison of equations (1) and (2) it is evident that 


the equivalent stiffness of member AB for unit rotation 
about end 4 is :— 


K 
K' = K (x ~) 
4S 


The state of affairs may be summarised as follows :— 


ik 
Moment transmission... -+ $.M.— 
Si 
K 
Stiffness modification ... —i.k.— 
iS 


the first of these is clearly recognised as the usual 
Hardy-Cross “ carry-over,’ whilst the second takes the 
same form but is always a reduction to the stiffness. If 
each of the stiffnesses K,, Ay, Ky is in turn modified to 
K,', K,', K;', according to the true continuity of the 
frame at C, D, E, then the above expressions become 


Moment transmission ... + $.M.— 


K 
Stiffness modification ... — 4+ K. — 


where S‘ = K + K,’ + K,' + K,’. 
The degree of fixity at the end B of member AB may 
K 
be expressed as (I — —), which becomes unity when 
Bau 


the member is encastered and zero when it is hinged, 
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This method of defining fixity is not unique, however, 
and alternative definitions will be found in references 
(1) and (3) which lead to different numerical values 
for any given case. For this reason, and others, the 
authors consider that ‘‘ equivalent stiffness ’’ is a more 
universal concept and it will be used invariably in what 
follows. 

A full exposition of the behaviour of multi-storey 
building frames, under all critical loading conditions, is 
given in reference (6), where the “ equivalent stiffness ”’ 
concept has been used to derive a set of simple design 
charts. 


Sway Due to Lateral Loading—‘ No-Shear ” 
Treatment 


The foregoing principles, as they stand, are applicable 
only in cases where sway may be neglected. Where 


‘ 


The Structural Engineer 


joints rotating due to the wind shears) and then distri- 
buted by the Hardy-Cross process, the resulting moments 
no longer balance the wind shears. Many cycles of 
moment distribution may be necessary before both 
moments and shears are balanced. This difficulty may 
be overcome by observing that, after the first application 
of the wind loads to the frame, together with the fixed 
end moments to prevent the joints rotating, the further 
distribution of the out-of-balance moments must take 
place in such a manner as to introduce no extra shear to 
the stanchions. It is now proposed to show how this 
“no shear ’’ distribution® can be linked with the equiva- 
lent stiffness concept. 


It will be convenient to replace the frame of Fig. 2a 
by the equivalent structure of Fig. 2b. The single 
columns of this imaginary frame have been given the 


ENDS PREVENTED 


STIF 
VAL 


cn 


(dg) Cb) 


Fig. 2 


any lateral loading is present, such as wind, sway is no 
longer negligible but becomes of some importance. 

The solution of this problem, by use of the “ equivalent 
stiffness ’’ concept, will be developed by reference to the 


Fig. 3 


simplest possible frame, namely, a symmetrical single 
bay frame, as in Fig. 2a. It is well known that if fixed 
end moments are applied to the columns (to prevent the 


NESS FROM ROTATING BUT FREE 
E ian TO MOVE HORIZONTALLY 
8 3 


WIND MOMENTS 
DUE TO: F,=500 
F4=1500 
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ALL STOREYS OF 
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(C) 


summed stiffnesses of the corresponding real columns 
whilst the beam stiffness is arrived at as follows :— 

(a) Since the real beams restrain two columns (one at 
each end) the beam stiffness must be doubled in orde 
to offer an equivalent restraint to the combined columr 
at one end only. 

(b) Since the substitute beams have been rotatior 
fixed (for convenience) at their far ends, whereas thy 
real beams are in pure double curvature (central poin) 
of contraflexure), a further increase of 50 per cent. ij 
necessary to maintain exact agreement. 

The total multiplying factor for the beam stiffness ii 
thus 2 « 1.5 = 3.0, and the imaginary frame will develo} 
moments which are the exact swm of the correspondin; 
real frame moments. 

A part of such a substitute frame is shown general: 
in Fig. 3, and the theory of “‘ no shear” treatment wil 
now be illustrated. 

As before, an external moment M will be applied at J 
and the resulting moment M,, will be studied. 

With the same sign convention as before :— 

Miz = 2EK (20, + 0, — 3R) 
where R is the sway (A/A) of column AB. 
Also My, = 2 EK (20, + ® — 3R) 

Moc 2 EK, (295) 
ae 2 EK, (2% — 3 R,) 
Ba + Mac + Myp = M. 
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* The sways R and R, may be eliminated by applying 
the condition of no shear in the columns :— 


Mi, + Mo, = 2 EK (38 + 38 — 6R) = O 


4 0, + 95 
WER CC e et ee ee 
; ' 2 
M w+ Most = 2EK, (3 % — 6R,) 3,9) 
9 
whence R, = : 
z 


Then by substituting for R and R,, the desired result 
_ is obtained :— 


eviin., = 2h (: ) 20,4 
4 Ki4+ Kk, + Ki/4/. 
K/4 
— M. eel 


Kita Ky + Ke/4 


y 


- 


155 
K — ie 
Stiffness modification 
4 K/4+ K,+ K/4 
TS 
= ee Oe ee Pulurtat Spe (5) 
4 


_ These expressions can be compared with the corre- 
sponding ones in the no sway case and the following 
may be noted :— 


(a) The moment and stiffness factors («) are identical 


in the “ no-shear’”’ case, 


(b) The evaluation of the expressions above can be 
greatly facilitated by a preliminary division of all 
column stiffnesses by four, 


(c) The moment transmission corresponds to a “ carry- 
over ’’ factor of —1 (instead of +4), 


(d) In applying equation (4), M can be considered 
as the applied balancing moment of opposite sign to 


TABLE 1 
Stittnesses Moments 
— Column _ Beam é 
me DKc/4 Ka Se o K’e Sm a Ke BEM DOWN Ue | LK ’c+ Kp 
ij : 
‘A 2.0 3.0 5.00 400) 1.424 | 250 | 920 ply & 
Rs I. 200 6.93 —.288 Z50ee at 350 
—- 6.13 
j 3.0 7.20 =. 407 | 1.934 750 2080 
3.0 j | 
| 
P £750 | 8143 | —.355 750 1210 
i == = - ee Folo 
Cyi9) TT 2-434 1250 | 2990 
} 
| | 
2.170 10.21 —.392 1250 2370 
aces! 
sie —.492 32210 1750 3180 
2.540 14.00 —.357 1750 3780 
H II.54 
54 —.520 | 6.00 2250 2250 
| 
ee) fo) | 2250 5380 
| / g a8 


_ Comparison of this expression with equation (2) shows 
that in this case the equivalent stiffness of member AB, 
tor unit rotation about end 4, is :— 


K K/4 
oO —(2— = ) 
4 K/4+ K, + K3/4 


The moment transmission and stiffness modification 
re summarised below. 


— K/4 


K/4 + K, + K,/4 
ani Mis. coset 24 bee, 44) 


rent transmission... M. 


any out-of-balance moment at a joint. This balancing 
moment is then split up at the joint in the ratio 


K/4 


K/4 + K, + K2/4 


to the far end of the column without change of magnitude 
but with a further change of sign. The out-of-balance 
moments themselves may therefore be transmitted 
without change of sign. 

These characteristics, in fact, make a no-shear treatment 
easier to perform than the no-sway treatment. The 
division by four automatically allows for the column 
sways and may be seen to arise from the fact that the 


(in effect) and then transmitted 


; 
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rotational stiffness of a free cantilever is }+ that of a 
propped one. 

As the equivalent structure of Fig. 2b possesses no 
closed rings, the stiffness modifications may be carried 
to the limit of the structure and an exact solution 
obtained. The recommended arithmetical process will 
be best illustrated by treating Fig. 2 as a numerical 
example, with stiffnesses as shown and wind loads 
eal to 1000 ‘units per’storey (f';.— 500, J’4-= 2500, 
F’; = 2500, etc.), the storeys being of unit height. 

The work is set out in Table 1, the arithmetical 
procedure being as follows :— 


(a) EQUIVALENT STIFFNESSES 


Sum of stiffnesses at d = S’ = 2.0 + 3.0 = 5.0 


*. Qac = —2.0/5.0 = — .400 
..Equivalent stiffness of column AC (at end C) = 
2.0 (I —.400)" = 1.200*. 
Hence at D : S’ == 1.200 + 3.0 + 30 = 9.20 
". Gog = —3.0/7.20 = —.417 


This process. is vepearka downwards and upwards so 
that values of K’. and 6 are obtained for each end of 
each column. Finally, the total equivalent stiffness 
at each joint is entered in the last column. (The beam 
stiffnesses remain unchanged since their far ends have 
been rotation fixed). 


(b) MoMENTS 


The downward transmission from A is :— 
250, cc .— 250° O¢0,400 ==) 100 
(The negative sign of « is, in effect, ignored, as previously 
explained.) 

This transmitted moment is added to the fixed end 
moment (F.E.M.) at C and a total equivalent F.E.M. 
of 350 is entered for end C of column AC. This is now 
added to the F.E.M. below C (740) and similarly trans- 
mitted to E, 

viz. (350 + 750) X .417 + 750 = 1210. 
(Strictly speaking, all the moments should have been 
entered with negative sign, for the F.E.M. are anti- 
clockwise with a wind blowing left to right.) 

The final wind moments are obtained by distributing 
the equivalent F.E.M. at each joint in proportion to the 
equivalent stiffnesses, as follows :— 


920 1.424 
Mac S15 I = = 32 
2 4.42 
350 / 1.200 2080 /1.200 
Mea = (: — 62 
2 6.13 6.13 
2050 1.934 350 
Mer a — yr aes ) 
2 6.13 
1210 1.750 200 
Mic — (: : —- ve =) = g2 
2 Yea 7.1 


Merce = 785, Mer = 465, Me; = 525, Mic = 1225, 
My, = —440, M,; = 26090. 


1.934 


= 658 
6.13 


*It is useful on a slide rule to carry out this particular calcula- 
tion by setting up such figures as .400 backwards from the 
right-hand end of the rule. 


The Structural Engine 


The moments are halved in order to give the moments 
in the real frame of Fig. 2a, where the wind load i 
divided equally between the two stanchions in eac 
storey. The recurrence, in each term of the calcula- 
tions, of the quantity Ko’/(2Kc’ + Ky) (where Ke 
refers to the end of a column for which the moment is 
being found) is worth noting as an aid to computation, F 


Remarks on the ‘‘ No Shear ”’ Treatment ; 


(1) The method of Table 1 is exact within the limits 
of the usual assumptions made in a slope-deflectior 
analysis. 

(2) The procedure is ‘‘ automatic,’’ and the ee 
does not have to visualise the movements of the structure — 

(3) It will be seen that the contraflexure points in the 
columns are very far from the centre’, and that the tool 
and bottom storey columns have no such point at all, 
and are thus in single curvature (Fig. 2c). These effects 
always occur when the columns are considerably stiffer 
than the beams. Under such circumstances many 
well-known methods of estimating wind moments 
break down. The Hardy Cross process is still valid but 
becomes very lengthy, since a large number of “‘ cycles ” 
are required. 

(4) The method is directly applicable to parallel- 
chord Vierendeel trusses. For such trusses many 
different loading arrangements may have to be con- 
sidered, in which case only the part of Table 1 headed 
‘“ Moments ’”’ is repeated for the alternative loadings. 

(5) The rate of convergence in a relaxation attack 
could be increased considerably by using Naylor’s® 
method for symmetrical single bay frames or Bolton’s!® 
method in more complex frames. The example just 
considered differs from these methods in the use of rhe 
stiffness modification K(1 — «). The authors consider 
this an important difference, as it leads to a method 
which is no longer one of successive approximation, the 
““no-shear ’’ extension of “degree of fixity ’’ methods 
giving a direct solution for any loading condition. 

(6) The method is also valid for single bay frames 
(and with modifications for other types) where there is a 
linear slip coefficient for the joints defined by :— 


) 


9) 
Rotation of end A of beam AB = ———. Mag 
2E Kap 


| 


By replacing all the beams of stiffness A, by an effective 


Ke 
an exact solution is still obtained. 


stiffness 


I + 36 


Sway in Multi-Bay Rigid Frames 


It has been shown by Grinter’? that any multi- ball 
frame can be very closely represented by an equivalent 
frame of the type shown in Fig. 2b. In this case the 
equivalent column stiffness is the sum of all the column 
stiffnesses in the corresponding storey in the real frame, 
whilst the beams are given three times the sum of the 
corresponding real beam stiffnesses. The process is 
thus a natural extension of the single bay case. How- 
ever, the imaginary frame is no longer an exact equivalent 
although it is a very close approximation. 

It is now necessary to devise a simple method for 
dividing the column moments in the substitute frame 
amongst the columns of the real frame. It will be 
convenient, first, to adopt a ratio ®, where | 


True wind sway in any storey 


Do = 


Sway due to wind if joints were rotation fixed 
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Thus for a single column of height /, subjected to a 
hear F applied at the ends, it is necessary to apply end 
xing moments of —Fh/2 to prevent rotation of the 
mds. The sway under these (fixed end) conditions 
jill be given by 8/h = Fh/12EK. 

Now, if the true wind sway is R = A/h 


. Afh R 1z2EKR 
lfhen © = —— = —_ = = 
d/h s/h Fh —(Fh/,) 


The numerator of this expression is clearly a fixing 
noment corresponding to the true sway of the column. 
dence, if fixed end moments are set up, in each storey 
of a multi-bay frame, to balance ® . FA (instead of FA”), 
the correct result follows from a no-sway distribution 
xf these moments by normal Hardy Cross procedure. 

‘The value of ® for each storey may be calculated by 
in extension of the process of Table 1. For example, 
sonsider the two bay frame with stiffnesses as shown in 


—6 EKR 


f (a) 


I2x156x 16 
Now, from equation (6) ®.¢ = — aan i=, 13.0 
2500 


Similarly, ® values can be calculated for all storeys 
and these, in turn, used to set up F.E.M. on the real 
frame of Fig. 4a, which lead to final wind moments 
after one no-sway Hardy Cross distribution. (The 
F.E.M. must of course be “ weighted’ pro rata to the 
column stiffnesses of the real frame). 

Since, in the case of multi-bay frames, the treatment 
is an approximation, it will be found that the final wind 
moments are slightly out of balance with the wind 
shears. If extreme accuracy is desired, the out-of- 
balance shears may be cleared off by a re-application 
of the whole process. In this case only the three 
“Moment” columns of Table 1 need be re-calculated, 
followed by a second Hardy Cross distribution with the 
new set of shears and ® values. 


500 > 


(b) 


t Fig. 4 


Fig. 4a. Summing the column stiffnesses, and taking 
three times the beam stiffnesses, it is seen (Fig. 4b) that 
We arrive at precisely the same substitute frame as in 
the previous example. Hence the arithmetic of Table 1 


can now be used to illustrate the procedure in a typical | 


multi-bay case. ‘ 

_ It can be shown that for any storey of the substitute 
frame :— 

i 


* 12k = Ke 0a 
= SRR See eee gee 
P Fh 
where *& Kc — sum of column stiffnesses of the real 
; frame and 

0a = average of rotations at the top and 


bottom of the storey in question. 
The calculation of 6a will be shown with respect to 
stanchion EG in Table 1 : 


ry uM»; 1210-+-2990 » 6 
4(2K-'+K5) 4x7 8 Rigi 
2370+ 3180 ; me 
similarly -E.0@, = —— = 166 


48.38 


The important point is that a ‘“‘ no-shear’’ Grinter 
frame transforms a sway problem (for multi-storey 
buildings) into a no-sway problem. When the “ no- 
shear ’’ frame is an exact substitute it is equivalent to 
an infinite number of Hardy Cross “‘ sway cycles.” — It 
is always equivalent, at one operation, to a large number 
of such cycles. The accuracy of the method is de- 
monstrated in reference (6), where by only one operation 
a five-storey, two-bay frame was solved to errors of the 
order of 2 per cent. 


Continuous Beams on Elastic Supports 


Continuous beams on elastic supports can be solved 
by a more general application of the principles already 
studied. 

The effective stiffness of such a beam to the right or 
left of any joint can be illustrated by reference to the 
equivalent spring supported cantilever of Fig. 5. Consider 
a rotation ® without any displacement 3. Then M4, 
the resulting moment is equal to 4EK0. Similarly, in 
Fig. 5(b) with a displacement 5 only, it is necessary to 


12EK8 


supply a. downwards force F = + «.8 together 


[2 


ae 
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—6 EK8 
with a restraining moment of M3 = Also 
sé 
6 EK.6 
Fg in the case (a) is equal to — , which is 
i 


to be expected from the generalised reciprocal theorem. 
There are thus three absolutely independent co- 


SPRING 
STIFFNESS € 


Ms Ms 
Fig. 5 


efficients necessary to describe the system which we 
designate by 


Mo 
1 = ABI ee 
i) 
12EK F8 
i je ae 
IL 5 
=n 
and j. = —_——, being interconnecting term for 
My; F 9 
either —— or It is essential in this class of 
8 6 


work to proceed strictly algebraically. Thus we adopt 
the convention of clockwise rotations and applied 
moments + ve. 

This being the case, when an effective elastically 
supported cantilever is used to describe the system to 
the right of a joint the coefficients become (Fig. 5c). 


m = +4EK 7} 
12EK 
fi. oes | 
2 Ne oie 
6EK 
p= +- whereMy=u. 5. 
ie 


Note that m and f are always +ve, u is +ve for the 
left hand end of system 5(c), » is —ve for the right-hand 
end of system 4(a). At any joint the left and mght- 
handed systems may be joined together merely by 
adding the coefficients algebraically together with any 
additional external torsional restraints (+) or spring 
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systems (<) at the joint itself. The combined values 
of m, f, u will then describe quite generally any con- 
tinuous elastic system with one rotation and one dis- 
placement in the directions indicated. 

Applied moments and forces M and F at the joint 
would then result in movements given by 


M= mé+ us . 
Fo == FS Seer 0 


Mf — Fu Mf— Fx 
from which 6 = = say 
mf — w D 
Fm— Mu Fm— Mu 
i= = = eee 
mfp = u? D 


It is now necessary to derive the transmission co- 

* - q 
efficients for such a system, and to note in turn how 
these modify the effective stiffnesses as we proceed from 


1 


ENS 


SAN OAAS 


AN RQ 
RY 


ASASSSS SSS 


ASSSNSS, 
SSS 


SS 


OHH IHy 
‘ 


SANASANSS: 
WSS 
PS 


Fig. 6. Release of a Joint: Left to Right 


left to night, or vice versa. In Fig. 6, suppose that the 
equivalent system to the left of a joint has been deter- 
mined together with the equivalent loading for the 
system, expressed as a F.E.M. and a reaction. Now 
suppose an applied moment M and force F would just 
“release ’’ the joint including the effects of any loads on 
the right-hand beam. The problem is to determine 
what moment and force would be transmitted to the 
next (right-hand) support. Note that the equivalent 
system means that every joint to the left-hand side is 
released simultaneously, so that the problem is essentially 
different from a relaxation procedure. The transmitted 
moments and forces thus become the new equivalent 


M = 4EK,9 


M = 2EK,9 
Za 


Fig. 7 


fixed-end-moments and fixed-end-reactions at the next 
joint. These must be taken positive clockwise and 
downwards respectively. . 

There are four transmission coefficients to study, of 
which only three are independent. For example, a 
balancing moment will cause both a fixed end moment 


? 


* 


Tuly, 1952 


ind also a reaction to appear. We therefore designate 
‘the transmission coefficients thus 


tmm transmission coefficient moment —> moment 


mt a * moment -—> force 
&rm rr, es force —> moment 
ore - ny force — force 


In this case emt is not equal to am. Suppose that 
balancing, moments and forces result in movements of 
8 and 8 at the joint in question (Fig. 7). Then with the 
previous convention these will set up restraining moments 
and forces at the next joint to the right as follows :— 


‘ge ) 
Mi == 2BI 6 == -- — 
2 
due to 0 
—6EK, 0 
[fo (a2 
i, : 
—6EK, 
1 Sees ee 
Ly 
due to 3 
—I12EK,8 
FE — ——— = 
‘Ee 


Now let m, f, » at the joint which is being balanced 
refer to the combined restraints of all the previous 
‘system to the left together with m,, y,, and /,, and let 
Mand F bethe total equivalent fixed ended moments and 
forces at that joint including the effect of loads on the 
spanZl,. The quantities m, f, u also include any external 
(torsion or spring systems at the joint itself. Then 
‘applying —M and —F as a balance 
—Mf + Fu —Fm + Mp 
and § = ——____—___ 
D D 


moment 


The transmitted moment is (—M) amm ) due to a 
balance 


force is (—M) amr 


force 


moment is (—F) om due to a 
balance 


force is (—F) ar 
i Consequently, due to the balancing moment —M 
‘there are movements at that joint of 

—Mfs +M u 
: ee ee 


. A é : 
Tesulting in a transmitted moment of 


i —Mf. og Mu 


4 D 2 D 


fo om U. 
} fiat eum = —:— — —. wy 
"oe 8 
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and in like manner arp = — . fpt+—. wy 
—f 4 
Cmt = —. uw +—.f, a 8) 
D D 
+m ub My, 
aim <= ~ + Py r 
D bi Mae oS 


These relationships are also found to hold without 
change of sign for proceeding right to left, providing 
values of m, f and yu are substituted strictly algebraically. 
It will be noticed that there are many symmetrical 
features in the relationships. 

It now remains to determine what would be the modi- 
fied restraint coefficients m’,, f’;, uv’; at the next joint 
due to the application of (9) above. If we were to 
rotate the right hand end of the beam without displacing 
it, the applied moment would be m,6. The moment 
carried over to the left-hand support, hitherto held 
clamped, would obviously be + 4.m,. 6. There would 
also be a downwards (positive) restraining force of 
—y,9, since we remember that py, for the right-hand end 
of the beam where the modified restraints are required 
was negative (Fig. 5a). On releasing the left-hand 
support we transmit back again to the right-hand end a 
moment of oamm (—$ m,0) + am (+4,8) with the 
right-hand end still rotated through an angle 9. 

The final moment at the right-hand support is equal to 
m, 9 —omm . 4m, 9 + om v9 = m’O where m’ is the 
required equivalent restraint. 


C 4mm Ly | 
Hence m’,; =m, < I— + am .— >+7, 
2 my, ) 
“4 | 
and similarly /’, Daa) I+ a —amr.— >+ g (10) 
1 
i 
ea I—omm + 4m . — 
Re Hy 


z, and «, are external torsion and spring systems 
associated with the supports themselves. It is con- 
ceivable that in the general case there could also be an 
additional term for p, but this is very unlikely, 

In the above formule my, f,, v1, are to be taken at the 
end of the beam where the modified values are required, 
and the transmission coefficients at the opposite (pre- 
viously considered) end. When proceeding left to 
right p, therefore refers to the nght-hand end of a beam 
and will be negative ; when proceeding right to left, 
positive. In the above formule m, and /, do not include 
the support characteristics +, and «,, which are added 
separately at the end. 

The procedure is to calculate (g) and (10) in turn ; 
this constitutes one cycle of operations which is repeated 
at the next joint. In equation (9) m,, f{, u, refer to the 
end of the beam where values of « are required ; in (10) 
they refer to the end where m’,, f’;, »’; are required; this 
is a convenient and consistent rule to remember. 

Before passing on to a worked-out example it is 


‘interesting to note that there are two special cases of 


importance, namely no-sway—which we have already 


=) 
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studied—and the alternative case of a cantilever which 
is either “free” or given only torsional restraints at 
the joints. The latter case corresponds to the special 
value « = O and, as we have seen, is of importance In 
solving problems due to wind loads. In the case of 
no-sway <= 2. 


my 
Therefore 2m for no-sway = — . — and since D 
D 2 
tends towards a value mf we find, 
My My 
‘mn =$.—=4 
m m, +m 


. 
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The designer can judge the degree of restraint as tl 
calculations proceed, according to the proximity to th 
limiting values, which is eps shown in the follown 
example. : 


WoRKED EXAMPLE 


A relatively simple example is taken which shows ; 
the salient features. Consider the continuous beal 
of Fig. 8, with all the various quantities given in col 
sistent tons, ins. units. The values inside the squa 
refer to the fixed end moments and correspondi 


TABLE 2 
Lert To RIGHT 
2 z To’ Lo” f ue D Xmf 
hice pees x04 x10 a xro-+ x10 x1o+ —a Ex xto aie 
A. a9 2 =x 2 5) oc. oa o= o oO o : oO 
B 4-0 | az —=—6 9-333 20.65 —0.667 192-1 3055 =—.3635 | =+--5975 | +26 
C 3-090 | 1.338 | —1.804 | 9.090 7-376 606 59.8 167 —.480 —.352 | +5456 
dD 3-030 0.757. | —1-283 13-70 16.525) 9-387 138.3 —.od9 —.682 —.308 —6a. 
E Not required sincle end fixe d : 
: 
- TABLE 3 
Ricut ro Lerr 
Point mito  eeie iat a? m 7 a D Gum ,| - osc}. sem. |--ee 
*x10-* xi10-7 xto-* x10 |. x10-* ae } “x10? ' 
E 30 xs SG = a sea x o é ; fel oO 
D 10.67 14.23 +10.67 16.67 20.268 6.17 300 2953 —.3426 | +.3066' —31 
Cc 3-710 «1-174 | 41-768 9-043 9.822 | —3-565 | 76-1 095.4 | —-595 + -357 —50.9 
B 2.368 0.981 +1.210 || 6.368 14.519 —4.79 60.4 oo4 —.684 + -427 ; — 41. 
A Not required. 
| 
For a hinge there is zero restraint (m’, = QO), and the fixed end reactions (negative since acting upwards 6 
limiting value of z= is 0.5 as in the Hardy Cross the beam. 4 
procedure. 


Similarly, we find that the limiting value of z na 
free cantilever is —r. The absolute limits of the co- 
efficients are given as follows, with either free or hinged 
ends. 


Free No 
Cantilever Sway 
L->R R—>L L—+>R R->-£ 
2mm ——J. —f >= > = = 3 
xe —I —- ° ° 
3 
Lmt o ° = = a 
ar 2 


Lim iL ——f, . oO o 


For convenience we divide all the quantities in tl 
table by E = 13,000 tons/in.2. Commencing at # 
left-hand end, the transmission coefficients are clear 
zero because of the built-in ends. The equiva 
restraints to the left of B are therefore the orig 
values of m, f, and » for AB, taking » as negative si 
it refers to the nght-hand end of AB (entered und 

m.’, f.’, 2,"). The total restraints at the joint are th , 
obtained by adding the values of m,, f,, « for the ne 
member BC. In this case y», will be positive since 
refers to the left-hand end of BC. 


Thus » = —6 + 5.333 = —0.667 (x 10-4) 


f = 12 + 7-11 +_1.538 = 


! by 
20.65 (x 10-4) whi 
includes =,. : 


20.65 5.333 
At B we have zan = k 


192.1 2 


1952: 


(—.667) (5.333) 
= = 5.305 
192.1 


—g.33 


27.11 + (ditto) = —.3035, and 


b ae 


> on. 


'N.B.—It is advantageous to write down at once all 
he four « terms since several multiplications repeat, and 
e is an orderly sequence of signs. 


IOI 


similarly “f,’F == 7.10. xX 10-4 {1 —.3635 — 


(I-50) 
= 1.338 x 10-4 to which is added 
Z 
e in the next cycle. 


(.5975) - 


( (2) 
Pr = 5.333 X. 10" 1—.3055—(26.8) —— > = 
; L 150 } 
—1.804 X 104 


The moments and forces are then transmitted as in 
the table below :— 


TABLE 4 
Left to Right Right to Left 
| : 
Forces | Moments | Forces Moments 
s | —6.88 —4I 

aes Hc eee 

—8.96 —192 —8.96 ) . 192 
ie SAAR LOO 5d ae | Stns —300.3 
= +253 +6.7 

—3.255 55 <7) i 

—1.148 - —5.443 +240 > 346.7 

—1.04 | +48 J —1.04 +48 

| Fail 2 

+ 497 Be 8 | 15550 , 
—1.713 1.216 | 4.36.9 \ —118.9 

2 OLO |. ae | Sa MN 1 | 

OM, aoe | 57:9 ff EC: 

—125 —5 ) —125 
og ey) + 10.3 \ 
ob: Bee —9.02 +444 .7 580 | 
+125 i) —5 | 125 


' For continuous beams, with constant moment of 
Mertia between any two supports, the formule’ (9) 


| # 2 
P= (I—omm —| om . —| 
| L J 


Where | | signifies the modulus or arithmetic value 
of the term. Thus all terms are negative whether 
roceeding left to right or vice versa, except amm which 
fan change sign. This is a useful simplification, 

_ At joint C the value of m,' for beam BC is entered as 
m,’ for the next cycle of operations. It is calculated 
as follows :— 


The F.E.M.’s and fixed end reactions (F.E.R.) are 
first entered in the table (assuming both no rotation 
and no displacements), noting that the reactions (—8.96, 
etc.), are negative since they are opposite to a positive 
downward displacement. In transmitting moments and 


‘forces the general rule to remember is that a +ve value 


for « would change the sign of the F.E.M. or F.E.R., 
whereas a —ve value of « would leave the sign unchanged 
(compare with the “ no-shear ’’ technique). 

For example at D, with all other joints released, the 
total reaction is —5, —1.39 = —6.39. 


ar = —.682 .:. transmit force of —6.39 (.682) = —4.37 
am = +69.6 .*. transmit moment of +6.39 (69.6) = 
444.7. 


The resulting restraining moments at each end are in 
this case provided automatically by the figures —411.8 
and +580 in. tons. To obtain intermediate support 
moments we proceed as follows :— 


At joint C & M = 346.7 —118.9 = 227.8 
x F = —5.443 —1.216 = —6.659 
m = 3.0900 +3:710 = 6.800 
= 1.338+1.174-+1.538 =4.050 ( x 10-4 
taking care to include the spring support only once. 
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x yp’ = —1.804+1.768 = — .036(10-?) 
2s DS BB7.5 5: 2>e- 10-4 
The rotation 0 is obtained from (7) by applying — 2M 
and —<F. 


— (227.8)(4.050) — (6.659) (—.036) x 10+? x 


This 6: = 
27-55 
I 
—32.55 (x — radians) 
E 
(6.659) (6.800) — (—227.8)(—.036) x 10-? 
—— eae: 
27.55 X 10-4 
I 
16400 (x — inches) 
wi Mey = 4346.7 43.090 (32.55). 
+ (—1.804 x I0-?)(16400) = —4g9.5 in. tons. 
10T. 
4 
GYye- rx 


L= 200 
Io=s 3010 
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present method there are no simultaneous equations to be 
solved. 


(7) A relaxation procedure would converge ver 
slowly with weak supports for any one partic 
loading. There is a sagging moment at each internal 
support in the above example. 

Beaufoy and Diwan!,> have solved the more generaj 
case of continuous structures by attacking the probl 
from the standpoint of a mathematical analogue to t 


Fundamentally the treatment is similar, although the 
types of coefficients used are different from those usua 
employed in “ degree of fixity’ methods. Making 
of the “elastic centre ’’ conception, they have shor 


although at the moment no simple treatment of struc. 
tures with several closed rings appears to be forthco 
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ALL UNITS ARE 
TONS AND INCHES 


iK=1-O | K= 1333 | K= 1:50 | K~ 2-666! 
: | 
| | | | 


I \ | 
€ 200 € =2 TON/JIN. €= 2TON/IN. G#2.TON/IN. €* © 


m; +| +4 | + 5-333 | + 60 | + 10-67 ALL DIVIDED 
fy-izxio* +71 x1o* |+4-5x10% | + 14: 23x 1074| BY E= 13000 
M+ ¢6x107? |t5-333K10°2 | t 4-510" | + 10: 67 «107? | 
| | 
t -4 -4 -4 I 
€+00 = 1-538xI0 1:538x10 -$38x10 oo 
Fig. 8 
The complete solution is My, = +411.8 and is published by permission of the Director of Building 
Ms, = —149.2 Research. 
Mca = —49.5 
Myc = —24.5 References 
Mp = +580 ‘Handbook of Rigid Frame Analysis. L. T. Evans, 19 


Edwards Brothers, Ann Arbor, Michigan, U.S.A. 


The following features are of interest :— 
4A Direct Method of Moment Distribution. Te 


(1) The calculations may be performed throughout 
on a slide rule. There is no possibility of ill-conditioned 
equations, subtraction involving large numbers nearly 
equal, and the like, since we are merely modifying actual 
restraints from end to end. 


ber, 1934. 
’Continuous Beam Structures. 
Publications, Ltd. 


‘Analysis of Continuous Structures by the Stiffness Factors 
Method. L. A. Beaufoy and A. F. S. Diwan, QU. JOURNAL 
APP. MECHANICS, Vol. II, Part.3. Sept., 1949. 


Eric Shepley, 1942. Concret 


(2) Examination of the transmission coefficients gives 
a mental picture of the proximity to the limiting degrees 


‘ - ths ee h ; 
of restraint at any point. Analysis of Pin-jointed Redundant Plane Frameworks us! 


Equivalent Elastic Systems. L. A. Beaufoy and A. F. 
Diwan. QU. JOURNAL APP. MECHANICS. Vol. III, Part I 


(3) Influence tables can be made with comparative Saree ese 


ease since whatever the load system it is only necessary 


to repeat the final table of moments and forces. it 
ig ‘k f i Storey Buildings. R. H. Wood. H.M. Stationery Office 


National Building Studies Research Paper No. 10. 


“Theory of Modern Steel Structures.”’ Vol. IT. 
Macmillan. > | 
8Wind Stresses in Multi-Storey Buildings. M. R. Horne.; 
J. INST. STRUCT. ENGINEERS. June, 1948. 


(4) The solutions are “ exact ’’ analytically. 


(5) As a check on the working, the displacement at B 
due to unit load at D may be calculated and should 
agree with the reciprocal effect. 


(6) In the orthodox analytical attack a “ Five- 
Moment Theorem ”’ would be required with very complex 
coefficients to be worked out. To give equal information 
to the transmission coefficients it would be necessary to 
work out an Inverse Matrix for the equations. 


%Side Sway in Symmetrical Building Frames. N. Naylor, 
J. INST. STRUCT. ENGINEERS, April, 1950. 


A. Bolton, J. INST. STRUCT. ENGINEERS, Janu 


Rigid Frames. 
In the 1952. 


_ The PRESIDENT proposed a vote of thanks to Dr. Dobie 
ir presenting his paper, and declared the meeting open 
or discussion. 

Professor W. FisHER Cassie (Hon. Treasurer), first 
ongratulated Dr. Dobie on having carried the study of 
drsional strength a little further ; perhaps he had not 
ached the stage at which the designer could refer to a 
ook of tables and immediately find the answer, but at 
sast he had taken a step in that direction. 

A point which had not been brought out clearly, 
Ithough it was mentioned in the earlier paper, was that 
his type of investigation insthe past, had been made on 
mall-scale sections or model sections ; work on those 
mall sections had never proved to be very successful, as 
ras shown by the variation in the results obtained by 
ifferent investigators. It was very important to work 
n a large scale; in the earlier experiments several of 
he members tested were 24 in. by 74 in., and he believed 
he largest sizes were twisted in lengths of 20 ft. 
Although the present paper might appear to indicate 
hat this principle had been abandoned, that was not so, 
iecause it was shown in the first investigation that the 
telaxation methods gave similar results to full scale 
wisting and to other methods, as pointed out in 
teference 2 of the present paper. Full-scale testing, 
\herefore, was really at the back of one’s mind in exam- 
joing the figures. 

Perhaps one of the important aspects of the paper 
as that concerning plastic design. He asked whether, 
om those results, Dr. Dobie had ever considered what 
would envisage as the best form of section for mem- 
rs of an I-girder which were subjected to torsion and 
ending simultaneously. We had the ratio ¢,/c, = I 
§ a ratio which gives a strong section, but there were 
‘ther optimum ratios which might be devised in a rolled 
ection subject to torsion and bending. 

Finally, Professor Fisher Cassie said how much he 
jtad enjoyed reading the paper, and especially examining 
ihe diagrams, which could hardly be explained fully in a 
|poken report. He thanked Dr. Dobie for an interesting 
nd valuable paper. 


"| 

“Mr. A. R. Gent expressed his appreciation of the 
avitation to attend the meeting ; the subject under 
\liscussion was of great personal interest to him because 
te had worked under Dr. Dobie during the last year of 
€ research on which the paper was based, and had been 
forking at King’s College since. Dr. Dobie had made a 
. a and concise presentation of a rather difficult 
ubject. 

The paper, in Mr. Gent’s view, rounded off the first 
Widamental stage of the torsional investigation, for it 
|Overed all the work on ordinary rolled sections subjected 
‘pure torsion. As Professor Fisher Cassie had said, 
le results could also be used to interpret the behaviour 


o 


| 
| 


| 
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ebyuary 28th, 1952, Mr. Waller C. Andrews, O.B.E., M.I.C.E., 
11.Struct.E. (President), in the Chair. Published in THE 
RUCTURAL ENGINEER, Vol. XXX, No. 2, p. 34. 
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Structural Members 


Discussion on Paper by Dr. W. B. Dobie* 


of larger sections and the author had demonstrated that 
in the paper when he had considered the results obtained 
by Mackey and Brotton for the torsion constant of a 


welded girder similar to the type used in the Margam . 


steelworks : he had shown that the increase in the 
torsion constant which resulted from the welding could 
be considered as a junction effect. Mr. Gent said that 
he had since considered other forms of larger structural 
members and pointed out that for riveted members 
tests on model sections were of little value and at least 
semi-full scale members must be used. 


da OA 


Giving a general outline of his work, he said ily 
torsional action of riveted sections was extreme!) 
plex because, apart from individual variation, 
general behaviour of rivets was non-linear under Joa, 
and, therefore, the stiffness curve would be non-tine: 
The work on riveted sections had been conce: 
mostly on explaining the behaviour, as it appeared 
unlikely that any designer would ever use a method of 
calculation allowing for a variation of stiffmess with |oac. 
He had interpreted the results of some full-scale tests on 
special members fabricated from 4$-in. plates and hac 
developed relatively simple formule for determinin; 
the torsion constant and the maximum stress, which 
might be of interest as thicker plate was used. Dr. Dobic: 
ratio of 30/1, between the torque required to exceed (i\ 
permissible elastic stress in the member and that required 
to produce the permissible deflection, would, of cours 
decrease as the thickness of the member increased. 


The field of investigation had also been extended i 
include box and lattice members. Welded box sections 
presented no difficulty, but the behaviour of riveted ones 
had been shown by the work of Madsen (‘‘ The Iron and 
Steel Engineer,” November, 1941), who had tested 
members of various types to be dependent on the slip at 
the seams. The results of ordinary simple shear rivet 
tests should, however, enable the magnitude of the slip 
to be anticipated. In lattice members, the problem 
was complicated as the lattice took part of the shear, 
thus increasing the torsional strength, and the deforma- 
tion in the lattice affected the torsional resistance of the 
flanges. The necessary formule had, however, been 
developed for calculating these effects. 


A point which had emerged from his work relevant to 
the use of the torsion constants, given in the paper, was 
that the actual stiffness, which is the product of the 
torsion constant and the modulus of rigidity, is of 
interest and not merely the torsion constant. Therefore, 
the accuracy of ‘the values for the torsion constants are 


-wasted unless correspondingly accurate values for the 


modulus of rigidity are available. 


Tests on mild steel plate and bar had led to the 
conclusion that for mild steel the effective modulus of 
rigidity was nearer 11 x 10° lb. per sq. in. than the 
normally accepted value of 12 x 10° lb. per sq. Mm. 
That was a difference of 10 per cent. and was greater, 
he hoped, than anything Dr. Dobie had considered. 
Mr. Gent did not think the difference could be attributed 
entirely to the properties of the material and suggested 
that, toa great extent, it would be caused by the effective 


1A a te 


a 
164 
thickness of the plate being less than the measured value 
due to the presence of mill scale, and possibly a deteriora- 
tion of the properties of the material towards the 
surface. The effective thickness of the plate was very 
important, as the torsion constant was dependent on 
its third power, so that a slight error there could give 
appreciable errors in the results. 

It followed, therefore—and that did not appear to 
have been stressed by previous authors on the subject— 
that any torsion constant deduced from experimental 
stiffness tests, using a value of C obtained by the normal 
methods by measurements of Young’s modulus and 
Poisson’s ratio, would be lower than that calculated 
using the actual external dimensions of the member. 
This effect probably accounted for the discrepancy 
between the calculated and experimental results given 
in the paper for the girder tested by Mackey and Brotton, 
rather than non-uniform welding as suggested by Dr. 
Dobie. In general, Mr. Gent’s conclusion, from tests 
on small I-sections and plates up to 1 in. thick, was 
that the value of 11 x 10® should be used rather than 
12 x 10° for the modulus of rigidity of ordinary mild 
steel. : 

On a point of detail, he said that Fig. 6 had been used 
to demonstrate the effect of the re-entrant radius on the 
stiffness in the preliminary discussion of I-sections. In 
calculating the curve, however, the flange junction 
factor «;, equation 15, had been used, which was not 
introduced until the work was extended to cover other 
sections. However, that was only an error in presenta- 
tion, as the calculated curve in Fig. 6 could also have 
been obtained! from the previous paper, by Cassie and 
Dobie. 

Mr. Gent concluded with a further expression of thanks 
to Dr. Dobie for his paper. 


Dr. E. H. Bateman (Member), commenting on 
Mr. Gent’s value of 11 x 10° lb. per sq. in. for the 
modulus of rigidity, said that for the design of coil 
springs the recognised value was 11.5 108 lb. per sq. in., 
and he thought that there should not be much difference 
for mild steel. He invited the author to say what the 
error would be on a nominal value of 11.5 instead of 12. 
The 11.5 was obviously an approximation, for there 
was only one figure of decimals, and the true figure 
perhaps was somewhere between 11.5 and II. 

Dr. Bateman thought that some of the practical 
designers present at the meeting must have had their 
spirits uplifted when they heard Professor Fisher Cassie 
suggest that a book of tables might be expected ulti- 
mately! He hoped that this objective would not be 
lost sight of. 

He went on to ask Dr. Dobie to comment on the 
problem of tending and torsion combined. Where 
would the critical point be ? 

Finally, in a reference to the contribution of torsional 
strength to the strength of a strut, he said that a strut 
rarely failed by collapsing in the. plane assumed in 
simple calculation, but generally buckled in torsion 
as well as laterally. He wondered whether a strut 
having good strength in torsion would stand up better 
than one with less torsional stiffness. 

Dr. Bateman added his expression of thanks for the 
interesting way in which the author had presented the 


paper. 


Lt.-Colonel R. F. GALBRAITH (Vice-President), con- 
gratulated the author on so interesting a paper dealing 
with a rather complicated subject, and said that design- 
ers owed him gratitude for the work he had done. 
Table 2, giving the torsional strengths of representative 


Cup phe teed yds ¢ a. 0, ee a 
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| B.S.B. bectitite was partienteely interesting, ‘and the 


comparison between the author’s figures for T, (the 
maximum torsional strength when the twist was limited 
to 0.01 radians) and the value Tp (the simple plastic 
theory strength) was very illuminating. He ask 
what load factor the author would recommend in using 
the Tp value. 


Dr. DoBIiE, replying to the discussion, said he was very 
pleased to hear that the subject was of some interest to 
designers. Often he felt that researchers were working 
in the background and that the results of their labours 
were not widely used in the design field; certainly they 
seldom saw the fruits of their labours in material objects, 
Although the subject of-torsion in structures was 
complicated, he personally found it to be very interest- 
ing ; for instance, although Relaxation methods appear 
to be based on an abstruse mathematical concept, they 
make an absorbing study and they were a powerful tool 
in many technical calculations. 

He was very glad Professor Fisher Cassie had reminded 
the meeting that their original paper described some large- 
scale tests, because he considered that such tests were 
essential. However, they were expensive, and in view 
of previous work it was thought that numerical com- 
putation and other methods were adequate for this 
study. 

The best section to resist torsion had not really bead 
considered, -but one of the first things the work had 
shown was that ¢,/c, should be about unity. It was not 
economical to make thick flanges if the web was com- 
paratively thin, or vice versa. 

Commenting on Mr. Gent’s work on riveted sections 
he said it was very pleasing that he was considering 
more practical members. Any mechanism with frictior 
was a nightmare to designers, so that work on rivete¢ 
sections was most desirable. Non-linearity of. the 
torque-twist curve depended on the transmission oi 
shear by friction across the common surface formed by 
the two sections which were riveted. The frictiona 
forces might also induce some longitudinal norma 
stresses if they restricted the warping of initially plane 
cross-sections. 

Referring to the Modulus of Rigidity, he pointed ou’ 
that the Torsion Constant, which for a circle was equa 
to the polar moment of inertia, was dependent only ot 
the shape and size of the cross-section ; it was ne 
dependent on the Modulus of Rigidity. The result 
reported by Professor Fisher Cassie and himself wer 
probably accurate enough for design purposes. Her 
the Modulus of Rigidity of the material was determine¢ 
by torsion tests on circular cross-section specimen 
machined from the I-beams after they were tested 
Referring to Dr. Bateman’s reference to the Shea 
Modulus for coiled springs, Dr. Dobie said that h 
thought the elastic constants were not greatly affecte 
by the carbon content, which would be higher than i 
mild steel. The final decision on the value of th 
Modulus of Rigidity must however rest with the designe 
who should know thé properties of his building material! 
whether they be mild steel or light alloy. 

Regarding Fig. 6, he was indebted to Mr. Gent fe 
pointing out the convenience in calculation which th’ 
diagram illustrated. It was quite true that Fig. 
referred to I-beams, and it was unfortunate that th 
graph was included in another part of the paper. 

With regard to combined torsion and bending ¢ 
B.S. sections, it seemed to him that the crucial poir 
was likely to be the point of contact with the large: 
inscribed circle where the radius of curvature was tl 
least. However, each case would have to be consider 
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torsion, the normal stress due to bending and possibly 
the normal stresses due to the restricted warping of the 
mitially plane cross-sections were the stress components. 
With thick-flanged sections, other points of contact 
with the inscribed circle might have to be considered 
and the flange tips might be important if there were 
much flange bending due to restricted warping. 
Torsional buckling of struts might occur at a smaller 
load than the Euler value if they were more flexible in 
torsion than in bending. In such cases increased 
torsional stiffness would give a stronger strut as Dr. 
Bateman had suggested. 


ORDINARY GENERAL MEETING 


_An Ordinary General Meeting of the Institution was 
held at 11, Upper Belgrave Street, London, S.W.1, on 
Thursday, May 22nd, 1952, at 5.55 p.m. Mr. Walter C. 
Andrews, O.B.E., M.I.C.E., M.I.Struct.E. (President) in 
the Chair. 

_ The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections as tabulated below should be referred to when 
consulting the Year Book for evidence of membership ? 


¥ 


STUDENTS 


Baxer, Derek William, of London. 

OSWELL, Carlton, of Farnworth, Lancs. 

Conway, Gerald Ernest, of Welling, Kent. 

Mack Raymond Bidlake, of Twickenham, Middlesex. 
CLACHLAN, Ian Hamilton, of Manchester. 

Pun Yin KEunG, of London. 

Rogson, Keith, of Greenford, Middlesex. 

WERBY, Paul Leon, of Manchester. 

SprakmAN, Alan, of Stockport. 

. John, of Liverpool. 


GRADUATES 


Bapros, Shawky El-Daba, of Alexandria, Egypt. 
CrcLowsk1, Waldemar, of Manchester. 

ConNELLY, Archibald, of Culcheth, Lancs. 

Fam, Michael Yue Onn, B.E.(Civil), Western Australia, 
of Singapore. 

GRAINGER, Gerald Park, of Darlington. 


Talbot. 

EPPLEWHITE, Eric Anthony, B.Sc.(Eng.) London, of 
_ Barking. 

loc, Madhusudan Ganesh, B.Sc. Bombay, B.E. Poona, 
' of Poona.- 

ING, Geoffrey Thomas, A.M.I.Mun.E., of Poole. 
KUMARLINGAM, Shankar Nanjappa, B. 'E. (Civil) Poona, 
B.Sc. Bombay, of Poona. 

NAVIGIRE, Dhondiram Krishna, B.E.(Civil) Poona, of 
Poona. 

YEwBy, Frank, B.A. (Contab.), of London. 
RAMKRISHNA, ‘Hanasoge Suryanarayana Avadhany, 
B.E.(Civil) Mysore, of Bombay. 

RUDRAKSHI, Manmath Sambhuappa, B.E.(Civil) Poona, 
of Sholapur, India. 

kusson, Robert George, of St. Pauls Cray, Kent. 

INGH, Kanwar Yaduveer, B.Sc.(Eng.) London, of 
London. 

PEIRS , Walter Glen, B.Sc.(Civil) Glasgow, of Glasgow. 


B ctately and the Peat eal tensor would hee to 
de estimated. The shear stresses’ due to bending and — 


Institution Notices 


son, David Leighton, B.Sc.(Civil) Wales, of Port : 


165 


Referring to Colonel Galbraith’s request for a load 
factor on the limiting torque’ determined by the simple 
plastic theory, Dr. Dobie felt that the decision must be 
left to the designer. It would depend mostly on how 
much deformation could be tolerated ; if one were 
willing to allow an unlimited angle of twist, one might 
assume a factor of 2/1 to be safe ; if it were considered 
that the deformations must be limited it would be better 
to work with a limiting torque based on calculated 
deformations, such as T). 

Finally, in thanking the meeting for the patient 
hearing accorded him, Dr. Dobie said he hoped the 
information in the paper could be used in practice 
where structures must be designed to resist torsion. 


and Proceedings 


SUTHERLAND, John Singer, of Stafford. 

TRINDER, Stanley, of Middlesbrough, Yorks. 

WEEKs, Peter Charles, 
mouth, 

WHITTAKER, Denys Beatty, B.Sc.(Tech.) Manchester, of 
Arkley, Herts. 

Wiss, Edward, of Mecneten 

WRacc, Walter John Digby, B.Sc.(Eng.) London, of 
Southend-on-Sea, 


ASSOCIATE-MEMBERS 


HamiLton, John Patrick Kean, A.M.I.C.E., of Ruislip. 
PARKINSON, George Alfred, B.Sc.(Tech.) Manchester, of 
Burtonwood, Lancs. 


ASSOCIATE 


FuLton, Frederick Sandrock, A.M.I.C.E., of Johannes- 


burg. 


MEMBERS 


Marcus, Manfred, A.M.I.C.E., of Johannesburg. 
QuInTON, Richard John George, of Cape Town. 


TRANSFERS 


Students to Graduates 


BALL, Walter Thomas, of Otago, New Zealand. 
BRUNSKILL, Kenneth George, of London. 
CREIGHTON, Leslie, of Cramlington, Northumberland. 
Evans, Derek William Morral, of Derby. 
FRISCHMANN, Wilem William, of London. 

KINDER, Graham, of Stockport, Cheshire. 

TANNER, Peter Christopher, of London. 

WILDEN, Kenneth Leonard, of Otago, New Zealand. 


Graduates to Associate-Members 


ALLWooD, Brian Oliver, of Bolton, Lancs. 

ArRnNoTT, Kenneth Harper, of Derby. 

CazaLy, Laurence George, B.Sc.(Civil) 
London. 

JAmeEs, John Fraser, of Port Talbot. 

RANDALL, Alan Langford, of London. 

STANDEVEN, Alec, of Manchester. 

TuRNER, Robert William, of Purley, Surrey. 


Bristol, of 


Associate-Members to Members 


KARMAKAR, Taraprasanna, of Singapore. 


B.Sc.(Eng.) London, of Ply- 
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OBITUARY 


The Toanct regret to announce the deaths of Wiliam 
Edward Hiccs (Member) and William EcErTon* (Retired 
Member). 


*Founder Member. 


ANNUAL GENERAL MEETING 


The Annual General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, May 22nd, 1952, 
at 6 p.m., Mr. Walter C. Andrews, O.B.E., M.L.C.E., 
M.I.Struct.E. (President), in the Chair. 


The Secretary (Major R. F. Maitland, O.B.E.), read 
the notice convening the meeting. 

The Minutes of the Annual General Meeting held on 
May 24th, 1951, as published in THE STRUCTURAL EN- 
GINEER, July 1951, were taken as read and were 
confirmed and signed. 

Mr. E. Granter moved the adoption of the Sessional 
Report of the Council and the accounts for the financial 
year, 1951. Mr. F. S. Snow seconded the motion, which 
was carried unanimously. 

Lt.-Col. R. F. Galbraith proposed the re-election of 
Messrs. James Meston & Co., Chartered Accountants, 
as Auditors for the ensuing year. Mr. Leslie Turner 
seconded the motion, which was carried unanimously. 

The Secretary then read the report of the Scrutineers 
on the ballot for the election of the President, the 
Honorary Officers and the ordinary members of Council 
for the Sessién 1952-53, as follows :— 


“To the Council of the Institution of Structural 
Engineers : 


Gentlemen, 


We, the undersigned, report that at the request of the 
President, we have duly carried out the duties of Scru- 
tineers of the Ballot for the election of Honorary Officers 
and Council for the Session 1952-1953, and we report 
accordingly as follows : 

We received 783 Ballot Papers, of which we rejected 
22 as wholly spoiled and 13 as partly spoiled. We have 
attached a separate sheet showing the number of votes 
received by each candidate. 

We declare the result of the Ballot to be as follows :— 


ELECTED 


President : Mr. E. Granter, B.Sc.(Eng.), M.L.C.E. 
Vice-Presidents : Lt.-Col. R. F. Galbraith, RES MC 
B.Se.(Eng.), A.M.1-C.E. 
Dr. S. B. Hamilton, M.Sc., Ph.D., 
A.R-C.S., M.L-CE. 
Mr.- S.. Vaughan, -B-Se,- M.I-C.E., 
A.C.G.I. ; 
Professor A. G. Pugsley, O.B.E., 
D.Scf{Eng) oy MLE SERS), 
F.R.Ae:S. 
Mr. G. S. McDonald, M.I.C.E. 
Professor A. L. L. Baker, B.Sc.(Tech.), 
M.L.C.E 
Honorary Treasurer : Mr. John Mason, B.A.(Cantab.), 
A.M.I.C.E. 
Honorary Secretary: Mr. L. E. Kent, B.Sc.(Eng.), 
MLC. 
Honorary Librarian : Mr. J. Singleton-Green, M.Sc., 
A.M.LC.E., A.M.I.Mech.E. 
Honorary Editor : Mr. W. H. Woodcock, F.C.S. 
Honorary Curator: Mr. F. R. Bullen, B.Sc.(Eng.), 
M.I.C.E. 
The above are all elected for one year. 
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‘Dr, E. H. Bateman, M.A., B.Sc., MICE, 
A.M.I.Mech.E. B 
Mr. P. L. Capper, T.D., M.Sc.(Eng.), AM.LC.E, 
Mr. F. T. Bunclark, BSc., M.I.C.E. 4 
The above are elected for three years. 


ELECTED AS ORDINARY MEMBERS OF COUNCIL 
(CoUNTRY) 
Mr. H. E. Manning, B.Sc., M.I.C.E. 
The above is elected for three years. 


ELECTED AS ASSOCIATE-MEMBER OF COUNCIL © 
(LonDon) 


Mr. F. M. Bowen, A.I.Mech.E., A.M.I.C.E. 
The above is elected for three years. 


ELECTED AS ASSOCIATE-MEMBER OF COUNCIL 
(CouNTRY) 


Mr. W. R. Garrett, A.M.I.C.E. 
The above is elected for three years. 


We are, Gentlemen, 
Yours faithfully, 
(signed) Sie BE gl a bs 
i H. BROMPTON 
C. R. GLOVER 
H. WINGRAVE NEWELL 
(Scrutineers) ”’: 


On a motion proposed by the President, a vote : 
thanks was unanimously passed to the scrutineers. 


JULY EXAMINATIONS : 


The Examinations of the Institution will next be helc 
at centres in the United Kingdom and overseas oF 
July 15th and 16th, 1952 (Graduateship), and July 178 
and 18th (Associate-Membership). 


EXAMINATIONS 


PREPARATION FOR THE EXAMINATIONS OF THE INSTITU 
TION BY ATTENDANCE AT TECHNICAL COLLEGES © 


A candidate for Graduateship or Associate-Membershij 
may be able to attend a technical college ; these note 
are intended to guide him in choosing the most suitab} 
instruction. 


PREPARATION FOR THE GRADUATESHIP EXAMINATIO! 


Technical Colleges offer - 

(a) Full-time courses for degrees or Higher Nation 
Diplomas in Building or Engineering. 

(b) Part-time day or evening courses for Highe 
National Certificates in Building or Engineering. j 

If he obtains a Higher National Certificate or Diplom 
complying with Appendix II, Section V, of the R 
tions Governing Admission to Membership, the candidat 
will be exempted from the Graduateship Examinatio 

Alternatively, he may study subjects selected from th 
available courses and sit the Graduateship Examinatioz 
At technical colleges courses are usually available i 
Building Science or Engineering Science, Strength 
Materials, Theory of Structures and Surveying, bt 
students are not normally allowed to select subjec’ 
from National Diploma or Certificate ic ; 
they can show evidence of sound 01 
elementary studies. The advice of the wars, re nol 
ties should be sass ity 


_ PREPARATION FOR ‘THE _ASSOCIATE- MEMBERSHIP 
_. EXAMINATION 

“At some technical colleges there are part-time courses 
n Structural Engineering which cover the syllabus of the 
Associate-Membership Examination. At other colleges 
the candidate must rely on Higher National Certificate 
tourses or on advanced courses in Building, Civil En- 
xineering or Municipal Engineering ; these cover only 
dart of the requirements for the Associate- -Membership 
Examination. 


- Colleges in the first category provide at least two years 
of instruction in Theory of Structures and in Structural 
Engineering Design and Drawing up to Associate- 
Membership standard. They also give instruction in 
structural Specifications, Quantities and Estimates. 


The Colleges which have informed the Institution 


Belfast College of Technology. 
Birmingham College of Technology. 
- Bolton Municipal Technical College. 
Bradford Technical College. 
Derby Technical College. 
Dudley and Staffordshire echnical College. 
Glasgow Royal Technical College. 
City of Liverpool College of Building. 
L.C.C. Brixton School of Building, S.W.4. 
L.C.C. Hammersmith School of Building and Arts 
and Crafts, W.12. 
Manchester College of Technology. 
Middlesbrough, Constantine Technical College, 
Salford Royal Technical College. 
South-West Essex Technical College, Walthamstow, 
Bx). E17. 
Eiaaport College for Further Education. 
Willesden Technical College, N.W.10. 


b | Colleges i in the second category provide instruction in 
Theory of Structures from which the student may 
reach Associate-Membership standard, but instruction 
in Structural Engineering Design and Drawing and in 
Structural Specifications, Quantities and Estimates is 
not usually so complete. The colleges which have 
informed the Institution that such courses are available 
axe :— 


Brighton Technical College. 

Cardiff Technical College. 

Huddersfield Technical College. 

Leeds College of Technology. 

London, Battersea Polytechnic, S.W.1I. 
London, Northampton Polytechnic, E.C.1. 
L.C.C. Westminster Technical College, S.W.1. 
Plymouth and Devonport Technical College. 
- Preston, Harris Institute. 

Wigan Mining and Technical College. 
Woolwich Polytechnic, S.E.18. 


‘Students attending colleges in the first category are 
dvised to take the organised courses in Structural 
mgineering. Students of Graduate Membership stand- 
rd will usually be allowed to select subjects from 
purses provided by colleges in the second category. 


50 NDON GRADUATES’ AND STUDENTS’ SECTION 


| Hon. Secretary: C. Allen Browne, 43, Coolgardie 
mee, Highams Park, London, E.4. 


BRANCH NOTICES 


: LANCASHIRE AND CHESHIRE BRANCH 
Hon. Secretary : A. S. Sinclair, A.M.L. Struct.E., 28, 
<enwood Road, pineord, Lancs. 


that courses in Structural Engineering are available are : 


MIDLAND COUNTIES BRANCH 


Hon. Secretary: E. R.. Deeley, A.M.LStruct.E., 
Arranmoor, Adshead Road, Dudley, Worcs. 


GRADUATES’ AND STUDENTS’ SECTION 


Hon. Secretary : M. H. Evans, B.Sc., 42, Church Hill 
Road, Handsworth, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 
The Annual General Meeting was held at Newcastle 
on April 2nd, when the following Honorary Officers and 
Committee members were elected for the Session 1952- 
BS Doar 


COMMITTEE—SESSION 1952-1953 


Chairman—A. V. Buttress (M) 

Vice-Chairman—T. H. Bryce (M) 

Immediate Past Chairman—J. Gerrard (M) 

Branch Hon. Secretary—Ian MacGregor (M), 
Messrs. H. Pickup Ltd., Roscoe Street, Scarborough. 

Tees Hon. Secretary—O. Lithgow (AM) 

Branch Hon. Treasurer—L. Dobson (AM) 


TEES COMMITTEE 
W. Fitton (M) 
S. D. Hodgson (AM) 
J. E. Nettleton (AM) 
J. Pringle (M) 


TYNE COMMITTEE 


E. A. Parsons (M) 

T. L. Usherwood (M) 
D. W. Cooper (AM) 
W. H. G. Durose (M) 
C. A. Harding (M) E. G, Clark (M) 
W. R. Garrett (AM) D. W. Portus (AM) 


Hon. Auditors—E. R. Fryer (AM) and E. Atkinson (M) 


NORTHERN IRELAND BRANCH 


Hon, Secretary: S. G. Duckworth, M.L.Struct.E., 
“ Lisleen,’’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 


The Annual General Meeting of the Scottish Branch — 
was held at Glasgow on April 17th, 1952, when the ~ 
following Honorary Officers and Committee members 
were elected for the Session 1952-53 :— 

Chairman—R. Summers (M). 

Vice-Chairman—R. H. Sharpe (M). 

Hon. Treasurer—W. Basil Scott (M). 

Hon. Secretary—D. G. Drummond (M). 

Hon. Auditors—W. Heigh (M)} and J. P. Messer (AM). 

Committee Members—J. Cameron (M), G. M. 
Dingwall (M), W. Girvan (AM), D. Grewer (M), 
H. P. Johnston (AM), A. MacLean (A), H. 
McClusky (AM), P. Plews (M), A. G. F. Russell (M), 
W. S. Smith (AM), H. B. Sutherland (AM). 


The Immediate Past Chairman is Dr. C. M. Moir (M), 
Hon. Secretary: D. G. Drummond, B.Sc., MI. 


Struct.E., A.M.I.C.E., 11, Woodside Terrace, Glasgow, 
C435 


SOUTH-WESTERN COUNTIES BRANCH 

Hon. Secretary: FE. W. Howells, M.I.Struct.E., 

c/o Messrs. T. Harding & Sons, Ltd., 10-12, Market 
Street, Torquay. 


WALES AND MONMOUTHSHIRE BRANCH 
Hon. Secretary : G. R. Brueton, A.M.I.C.E,, 
A.M.1.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. 


WESTERN COUNTIES BRANCH 
Hon. Secretary: C. E. Saunders, M.I.Struct.E., 
Dunkery, Edward Road, Walton St. Mary, Clevedon, 
Som. 
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YORKSHIRE BRANCH 


At the Annual General Meeting of the Yorkshire 
Branch held on Wednesday, April 23rd, 1952, at the 
Great Northern Hotel, Leeds, at 6.30 p.m., the following 
were elected to the Committee for the next Session :— 


Chairman—D. R. S. Wilson (Member) . 

Senior Vice-Chairman—J. Dossor (Member). 

Junior Vice-Chairman—L. Preston (Member). 

Immediate Past-President—A. Robb (Member). 

Hon. Secretary—E. Wrigley (Associate-Member), 
17, The Drive, Alwoodley, Leeds. 

Hon. Auditors—C. C. Begg (Associate-Member) and 
Major H. C. Taylor (Associate-Member). 


The following were elected as ordinary members of 
Committee for the next three Sessions :— 


James Bussey (Member). 

T. F. Cliffe (Member). 

H. C. Husband (Member). 

H. E. Manning (Member). 

J. P. Robinson (Associate-Member). 


Book Reviews 


Hardenability and Steel Selection, by Walter 
Crafts and John L. Lamont. (London : Pitman, 1949. 
279 + xiii pp. ,gin. X 6in. 35s.) 


The last 20 years have formed a period during which 
great advances have been made in the conception of the 
relationships bétween micro-structure and mechanical 
properties of steels. Experimental and_ theoretical 
work on depth hardening characteristics have discovered 
methods by which all the essential mechanical properties 
of steels heat treated in any thickness can be estimated 
with precision which compares favourably with the 
variations introduced by the ranges of composition. In 
the U.S.A. the profusion of articles on this subject can 
be embarrassing, and Crafts and Lamont, who have been 
in the forefront of workers in this field, have made a 
welcome contribution to the literature by summarising 


- recent American work. This is presented in readable 


form together with the basic equilibrium and trans- 
formation diagrams and a chapter on steel selection 
which places due emphasis on economics, the value of 
published Jominy curves and the judgement which is 
founded on experience. There are four appendices 
dealing with steel specifications and hardness conversion 
tables, adequate indexes and an alphabetical biblio- 
graphy of 139 references. 


‘Lhe authors state that the least predictable mechanical 
property of a steel is its resistance to repeated loading 
and they devote only one paragraph to fatigue strength, 
which is discussed as “‘ endurance limit,” presumably 
referring to alternating loading. ‘As the book is written 
principally from the viewpoint of engineers and metal- 
lurgists in the field of mechanical engineering, it is 
perhaps natural that weldability receives only a reference 
as an important variable and that the partial heat 
treatment of structural components such as rails is 
ignored. However, in view of its great economic 
importance, it is surprising that the hairline cracking 
of alloy steels is not mentioned in the whole of the 


279 pages. 


Another strange omission—at least to British metal- 
lurgists—is the name of the constituent Sorbite which 
becomes ferrite with a rejected “‘ transtition structure ”’ 
of carbide. However, this omission is redressed by the 
wisdom of the authors in conceding to European readers 


~ next Session should be held at the University. 


ere The Structural Engineer 
It was agreed that the Leeds Meetings of the Branch 


After the business of the Branch had been dealt with, 
a paper on ‘‘ The South Bank Roof” was given by 
Mr. S. Woolf, B.Sc., of the Timber Development Asso-— 
ciation, Ltd., and was illustrated ; an interesting dis- 
cussion followed. A vote of thanks to the speaker was — 
proposed by Mr. R. Jones (Associate-Member) and~ 
Mr. J. P. Robinson (Associate-Member), and warmly 
accorded. 


“UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E. © 
A.M.I.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted in the City En- 
gineer’s Department, City Hall, Johannesburg. ’Phone 
34-1111, Ext. 257. 3 

Natal Section Hon. Secretary: E. G. Bennett, © 
A.M.LStruct.E., c/o Reinforcing Steel Co., Ltd., P.Om 
Box 49, Merebank, Durban. q 

Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E., 
P.O. Box 1692, Cape Town. ; 


a free translation into degrees Centigrade of nearly all 
temperatures cited in the text and shown on the dia-_ 
grams. ; G: SG. 

Elements of Soil Mechanics in Theory and 
Practice, by K. Ll. Nash. (London : Constable, 1951.) 
Size. 8 ins x $idt © Pp.-t10.~ 8: 

The book starts with a brief but very informative — 
history of soil mechanics which emphasises the all-_ 
important fact that although the term “ Soil Mechanics ”’ 
is new, its methods have been known and applied un- j 
consciously by engineers for many years. They have, 
however, only recently been correlated and standardised — 
sufficiently to form a recognised method of investigation. — 
The history is followed by brief descriptions of the 
methods used on site investigation and testing, indicating ‘ 
the general principles involved and omitting details” 
which can only concern the more advanced student. 4] 
Finally, there are very informative descriptions of the | 
application of the results obtained by soil mechanics _ 
methods. These descriptions really do demonstrate 
how soil mechanics can help the practical engineer. 

In connection with the passage on site exploration — 
(pp. 14-21) ; it is considered that more emphasis should > 
be laid upon the importance of careful consideration — 
of the choice of methods used, the extent of the investi-_ 
gation and its accuracy. It is obvious that all the care | 
in the world over testing soil properties and applying» 
the results to engineering calculations will be futile if | 
they are applied to soils not truly representative of 
those which are subject to stress and other factors 
imposed by the work to be undertaken. The fact that 
the exploration is usually undertaken in places remote 
from the rigid control of the office or laboratory, makes 
it all the more important to stress the value of careful 
and expert consideration. G) 

The author is to be congratulated on the immense 
amount of useful information which has been condensed 
into so small a book. The student who aims at a prac- 
tical engineering career will obtain from this book a very 
good general idea of the methods and application of 
soil mechanics. To one who aims at specialising, it is 
an excellent preparation for the more advanced works, 
The concise and interesting manner in which the book is" 
written will also make it very acceptable reading for 
the more experienced engineer who has not had the 
benefit of an academic training in the subject. “ bss 
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Several pure mathematical solutions have been 
btained for beams resting on elastic foundations, see, 
‘or example, Terzaghi’s “ Theoretical Soi! Mechanics, 3 
t these are restricted to certain standard types of 
oading and to constant flexural rigidity of the beam. 
A practical application of these solutions is repre- 
sented by a beam (usually concrete) resting on a soil 
which is assumed to have a constant subgrade modulus ; 
this modulus, being the pressure necessary to deflect the 
foundation unit distance, has dimensions (WL"). 
_ In practice, there is a considerable variation in the 
flue of the subgrade modulus, the assumed flexural 
igidity of the beam and the assumed values of load. 
This is, therefore, a type of problem particularly suited 
to solution by Relaxation Methods! ; an exact solution 
| Cae but a solution to any required degree of 
curacy is easily found. In view of the uncertainty 
of the other data, particularly the subgrade modulus, 
the degree of accuracy aimed at nced not be exacting. 
_ The relaxational method is readily adaptable to any 
e of loading and to-any variation in flexural rigidity 
mg the beam, whereas such variations tend to make 
solution by pure mathematics very complex and 


GOVERNING EQuaTION— 
he governing Saueeon is, from the usual. beam 


are Cartesian co-ordinates 

= the ‘flexural rigidity of the beam 
) = the loading intensity at x 

‘= Subgrade Modulus. , ; 
As a test of the relaxation method, the “ standard 
e’’ of acentral point load acting on a beam of uniform 


ral rigidity has been worked out and checked 


1 treatment. 


LAXATIONAL APPROACH 


The beam is divided into a number of equal parts 
” apart. The governing equation is then expressed 
finite difference form and values of the wanted function 
are guessed at each point in the range. These values 
_ substituted in the finite difference equation for the 
and the resultant error or residual found. This is 
liquidated by means of suitable operations, the 
residual being made as small as we please, com- 
ible with the accuracy required. When the deflec- 
ns have been found, the practically important shears 
d bending moments are easily calculated. 


Be NITE DIFFERENCE APPROXIMATION 

PN EId+y 

Serie equation is ne + ky — W(x) = 
* da 


a . 
a ‘ Relaxation Methods i in n Engineering Selance: Southwell, 
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st the solution as obtained by the more conven- . 


tS tation by 1 Re Methods 


By W. Wright, BSc, PhD, A.MLC.E. 


and this must be expressed in finite difference form 


5 h . h o h : h | 


Considering 5 adjacent points of subdivision, the finite 


aes, dy 
difference form of at the point 2 is h? =: 
dx? Ce mad Le 


2, + Yat Yo 
Differentiating twice and multiplying by h? 
h* ( dty ) 2h?d*y2 h?d*y1 h?d*y3 
oe = + 
BAe = yeB dx* ax dx® 


= —2(=2y2tI1 +4s) +¥2+¥9 —2V1t+VYot+V4 —2Vg 


| 


0V2 —4V1 —4V3+Vo+Ve- 


‘, The equation expressed in finite difference form is 


wit 
( EI y 
kita, 


=0o= F. 


—b6Ve+4¥1+4¥3 —Vo —VYa + 


EI 


The relaxation pattern for liquidating residuals will be 
for the typical point 2. 


+1 
kh4 

— I 4— 6 -— ——— 4 ep 
EI 
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In order to interpret the boundary conditions we need 


d*y d>y 
and 
ax? ax 


also 


expressed in finite difference form, 


as follows :— 


dy 
( ) = —2$V2+14(¥1+-y3) — 
2 


dx? 


dy 
m( ) = 2¥9 —491 +43 —2Y4- 
2 


Bh 
— (Yo + 94) 
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dx 
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BouNDARY CONDITIONS 


The fomule defining the residuals and the relaxation 
patterns must be modified at the boundaries to conform 
with the boundary conditions, which are as follows :— 

At the ends of the beam we have— 


EId*y 
1. Zero Bending Moment, 1.e., =O) 
ax? 
Eld*y 
2. Zero Shear Force, i.e., aU 
ax3 


dty 
+i ky —4W (x) =0 


dx4 
o and 1 fictitious 
points outside the 
range 


Boundary 


Expressing these in finite difference form with origin 
at point 2, i.e., on the boundary, we have :—- 


from 1) (¥o+4) —16(¥i1+%3)+30V2 = 0 
from 2) 2¥9 —4V1+4Vs—2¥4 = 0 


from 3) —(¥+¥4)+4(vi +73) —(6+2') v2 = 0 
kh* 

where k’ = 4 (———-) .__ It is assumed that there is no 
Fos ioe 


applied loading at the ends ; therefore there is no W(x) 
term. 


To eliminate y, and y, (fictitious points) we have— 


30k" 

4) Yo = 4Y3 — 3M (2V3 —) 
12 
15k’ 

5). © Dy =. 3s, 2a (2v¥3 —¥4) 
IZ 
qk’ 

6) Vo oa 2V3 id tr (2V3 —V4) 
IZ 


The Residual at the point 3 is then 


kh 13 
De | on ) | Mat Bev eV es roa ae 
EI, 12 


k’ (ays —y4) 


kh* 
and F, = — E | Yat 2¥3+4¥5 —¥e + 
4 
— k' (25 —y.) 
rz 


INTENSITY w 
Ww xe a 
r 7 TUTVEFA TTTTT? 7: dade hereeee st) 
SS. Per 8 a 
SOLUTION 
kh* 
— = const. =)0.01 -4 = 1/12 Lh. 
EI ji 
Unit breadth. 
857 1449} 2042 26144 3129} 35223 prt. 
543 2 3672 » 
42 


3522% 3129} 26164 2042 1449} 857 


2 wre ¥ pas 5 eet 7 ee 
> 


age Se vucta . ‘The ‘Sivacioel: Engin 

Iti is not necessary to eovecd residuals on the bound: 
since the boundary deflection y, can be calculated fro: 
equation (6) when y, and y, are known. 


The relaxation pattern for point 3 will bee —- 


| a : Ae] 
| hit 
Not ne a [a+ x | 
recorded | 
| +1 here. . a 
_——- 
And for point 4 :— 


2 | 3 a 516 


) 13 RhA 
ol 21E>- C2) 
recorded | 12 | 


| +1 here. 
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If the simplifying ee ih that k’ = 0 is made, the 
above patterns are much less cumbersome. The loss of 
accuracy implicit in this assumption could probably be 
accepted in many cases arising in practice. ‘ 


STATICAL CHECK 


The total downward load must equal the total up- 
thrust on the beam. This will not usually be the case on 
first calculation. If the discrepancy is small, as it 
should be, a correction can be made by adding the same 
deflection to each point. This will not sensibly affect 
the residuals. 


Point Loap : 


The loading intensity due to a point load W is taker 


W 
as (; Jie. the equivalent of a distributed load o 


total value W spread over a length h. 


843 
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underlined were obtained fromthe solution by pure 
mathematics. The maximum discrepancy, which occurs 
on the boundary, is 1.65 per cent. 


: The estimated Maximum Bending moment agrees 
with the true Bending Moment within one per cent. 


ie 
UNLIQUIDATED RESIDUALS 
' The largest remaining residual could have been 


liquidated completely by an assumed variation of 
fa per cent. in the value of k or EJ. 


_ A solution was obtained assuming k’ = o.. This 
showed an error of 84 per cent. at the boundary, and 
about 2 per cent. at mid-span. The error in the Bending 
Moment in this case was one per cent. 


_ The next problem considered is the more difficult one 
of a concrete beam of unit breadth whose Moment of 
Tnertia varies along its length, loaded with a distributed 
load and two point loads. 


| In order to demonstrate the application of the Relaxa- 

tion Method to such a problem, a hypothetical numerical 
example has been calculated. The data assumed for 
this purpose was as follows : . 


2:32 TONS 


at mid-span is taken as 0.03. 
EI 


kh 


are shown at each 


EI 


The boundary conditions are the same as in the 
revious problem with k’ = 0.03. 


Cc 
L 

70 56544 ©6280 656064 6280 
48484 6036} 64874 
The figures given are the value of y (ft.) multiplied by 


2° x 10%) at each point of sub-division. 


50544 3970 
64874 60362 48483 


Z Tras = oe we Je ¢ peer 3 wo say - - —_ 
TOE TES tl a Me ta eae oe z ‘ wa 
_ The figures given are the values of N- x 52 x 104 in 
NWL? 1 
— at each point of subdivision. The values 


0:92 TONS I> 


17s 


Residuals. The largest unliquidated, residual could 
have been completely removed by an assumed variation 
of one per cent. in the value of EJ or k, 


a 2750 FI-L@S 


Z ; 
SOLUTION BY RELAXATION ZSOLUTION ASSUMING 


UNIFORM RAEACTION 
Bending moment diagram 


It is interesting to note that in the example chosen 
the common assumption of a uniform base reaction fails 
to indicate the reversal in the sign of the bending 
moment which in fact occurs. This could have serious 
consequences if the foundation beam were of reinforced 
concrete. 


Conclusions 


_ The method seems well suited to solve the problem 
in question and represents a compromise between the 
usual crude design assumption of uniform base pressure 


2:32 TONS 


and the solution by pure mathematics which entails a 
great deal of work for an accuracy which would be 
unnecessary in view of the uncertainty of the other 
factors. 


The method is particularly apt where there is a 
possibility of reversal in the sign of the bending moment. 


There are two special cases worthy of mention : 


k k 
(1) — relatively large (2) — relatively small. 
ET dd 


In case 1, it is possible that the ends of the beam 
will rise clear of the soil, i.e., negative deflections will be 
obtained. If this happens, the solution must be re- 
stricted to a length AB in the beam, since the soil cannot 
exert,the downward force necessary to keep the beam 
in contact with it. Points A and B could be found by 
a trial and error process. 


In case 2, the modification to the central operator (—6) 
in the finite difference equation will be small and it will 
be necessary to use sufficient significant figures in the 
solution to take account of this. 
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The Theory of Girder Walls with Specia. 


Reference to Reinforced Concrete Design 
By H. L. B. Uhlmann, M.A.(Oxon.), Ph.D., A.M.LStruct.E. é 


Synopsis 

The ordinary theory of flexure in beams, based on the 
“straight line ’’ theory of strain and stress distribution, 
is a particular case of the general theory, when the depth 
to span ratio is small. Design problems frequently 
arise, however, when this ratio is comparable to or 
greater than unity. To apply the “straight line”’ 
theory of flexure to such cases will lead to erroneous and 
often unsafe results. This paper sets out the main 
features of the design methods for beams in which the 
depth to span ratio is not small—henceforth to be 
designated ‘‘ Girder Walls’’—based in part on work 
already published ’ » 3, and in part on research work 
done by the writer. 

The published work deals mainly with the theory of 
girder walls continuous over a large number of supports. 


Fig 1. 


The wrtter’s work is concerned with the simply supported 
girder wall, the exterior span of a continuous girder wall, 
and the state of stress near a rectangular opening in such 
a member. 

A brief indication of the method of solution of the 
stress fields is given. It will be noted that the principles 
employed are generally applicable to two-dimensional 
stress distribution problems, and are particularly*useful 
when the boundaries of the members are irregular. 
Sufficient references are given to enable the reader to 
follow up the mathematical angle. 


Scope and Applications 


The walls of bunkers act as vertical girders spanning 
between column supports, and carry a portion of the 
floor load, a portion of the contained material and their 
own weight. They may be designed as girder walls 


1 Reference numbers such as these refer to the Bibliography. 


Pra at a a Rs 


eee. | <P he Structural En 


without the necessity of beams or ribs except as archi 
tectural features. The theory is also applicable t 
curved walls where the radius of curvature is large co 
pared to the thickness of the wall, such as silos ane 
hemispherical domes supported at isolated points along 
their circumference. ? 


In building construction it is often desired to have thy 
lower floors entirely free of columns (e.g. in departmen’ 
stores, hotels, buildings housing a theatre, municipa 
buildings, etc.). Instead of heavy frame construction 
the use of Vierendeel Trusses in concrete or even struct 
ural steel trusses, it may be simpler to utilise the externa 
and partition walls as girders to span across the columi 
free space and carry the rest of the building above them 
As rectangular openings for doors, windows, passages 
ducts, etc., will be required in such walls, special con 


sideration must be given to the design of reinforcemen 
near such openings. 


These are typical examples of the application of the 
theory of girder walls. Yet, once one has acquire¢ 
facility in the use of this theory, it is surprising how ofter 
the occasion for its use arises, and how often considerablé 
simplification of formwork, design and construction ma 
be effected, particularly in industrial structures. ; 


Method of Solution d 


A simply supported girder wall under a typical loading 
isshown in Fig.1. The axes of reference, the dimensions 
and the stress notation are as indicated. The thickness 
of the “‘ plate ” is small compared with the length L ane 
the height H. The problem therefore reduces to one 0} 
plane stress in which the variation of the stress coil 
ponents oxx, syy and txy, across the thickness may 


neglected and Cozz = Cy, = OCzx = oO. Such a two: 


~4 
—_ ., 


ry stress function F such that 


Hi ag 
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i < (x) 
ek 
Syy — Cy . e . . . e . . (2) 
ox? 
oF 
Ne ere ag areas See (3) 
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|hen no “ body ”’ forces are acting. 

‘For equilibrium of the stress components and com- 
|tibility of the deformations, F must satisfy the 
yuation 
| 3g 


* 
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+ 2. a S/O ce? sw (4) 
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| well as the boundary conditions. 
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_ An investigation showed that the usual series solution, 
aposed of products of circular and hyperbolic functions 
$s able to satisfy the boundary conditions (the normal 
wm H 


d shear stresses) at the boundaries y = + — only. 
2 
constants are then left to prescribe the stresses at the 


oundaries x = + —and the solution is applicable to 
? 2 

ontinuous girder walls only. This is the reason why no 
ution for a simply supported wall girder has as yet 
n put forward. 

_ Various methods of solution were tried, among them 
Timoshenko’s minimum strain energy method 4, and 
uthwell’s ‘‘ Relaxation of Constraints ’®. These were 


chardson’s method of successive approximation®, 
ich was finally adopted. The outline of the process 
sas follows :— 

As in any finite difference method of handling differ- 
ential equations, the continuum of points on the bound- 
ries and in the interior of the region is replaced by a 
liscrete set of points. A rectangular network is laid 
lown over the region. Approximate (guessed) values 
ire assigned to the Airy function at the interior nodes of 
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ad*to be more laborious and less successful than 
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the lattice and the known values at the boundary points 


* are inserted. Then by various definite procedures the 


approximate values in the table are modified, causing 
them to approach without limit to the true finite differ- 
ence integral. A number of “ dodges” are used to 
speed up convergence, such as removal of the first and 
second modes of the error. function, and the use of a 
coarse and a fine lattice. For a full discussion of the 
theory involved the reader is referred to Richardson’s 
paper. 

This method is successful as long as the boundary 
stresses are determinate. When there are more than 
two supports solution is obtained by the application of 
Castigliano’s minimum strain energy theorem together 
with the superposition of several stress fields each solved 
by Richardson’s method. Details of the technique of 
approximation will not be given. Suffice to record in 
C. E. Inglis’ words that “ arithmetic solution comes not 
forth save by much prayer and fasting.”’ 


PARABOLIC 
DISTRIBUTION FOR 


T— 
(b) 
L 
- Bending Stresses ox across ¥. Shear Stresses + at x = ? Land x = ie Stress Trajectories 


Tensile Principle Stresses - Tull 
Compressive ,, a - Dotted 
Compressive Field - Spotted 


H 
Fig 2. Uniformly distributed load on upper edge, ot Se 1 


Results of the Stress Analysis 
Figs. 2-5 have been selected to illustrate typical stress 


configurations. The height to length ratio — is unity 


throughout. 

Fig. 2 shows stress distributions for uniformly distri- 
buted load on the upper edge. The lines corresponding 
to the ordinary Bernoulli-Euler theory for homogeneous 
materials are superposed for comparison. Note the 
lowering of the “ neutral axis’’ in (a) and the shear 
stress concentration near the lower edge in (b). The 
latter occurs only near the support. . Near the centre of 
the span the distribution is more nearly parabolic. This 
shear stress concentration occurs near the point of 
application of any concentrated load. 

Fig. 3 illustrates the change in the stress trajectories 
when the loading is applied at the lower edge. As is to 
be expected the field is much more tensile in character. 

Fig. 4 indicates how radically the stress distribution 


Hi, 
varies for different types of loading although the — — 
ve 


ratio is unchanged. The bending stresses across the 
centre line form two tension and two compression zones. 
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A more comprehensive picture of the stress distribution 
is shown by the trajectories. It will be seen that the 
lower horizontal compression zone forms an “ island ”’ 
with “ horizontal’ tension occurring not far from the 
centre line. 

Fig. 5 applies to a continuous girder wall on three 
supports at the same level. Note that the support 
section I—I has two compression zones and a high 
tension zone not far from the lower edge. The main 
tensile reinforcement should therefore be spread over a 
region starting immediately above the neutral axis, and 
not along the upper face as for ordinary beams. 

Sufficient illustrations have been given to show that 
the stress distribution in beams undergoes a funda- 
mental change when the height to span ratio is no longer 
small. The simple straight line theory, and with it the 
ordinary formule used for detailing the reinforcement in 
beams, are no longer applicable. By using the familiar 
concept of the “‘ lever arm ’’ and some simple geometrical 
constructions, and by making scme justifiable assump- 


Fig. 3. Stress trajectories: uni- 
formly distributed load on lower 
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Tensile field shaded 


tions, a fairly straight forward design method can be 
evolved. This is given in the next section in the form of 


Recommendations for Design 


The following rules and accompanying diagrams 
contain information for the design of reinforced concrete 
girder walls with some notes on the detailing of reinforce- 
ment near rectangular holes. The data is partly based 
on an exploration of the stress fields, found by the 
methods indicated in the last two sections, and partly 
abstracted from Dischinger’s papers * °. 

The principles underlying the design of the steel 
reinforcement are as follows : The stress distribution is 
determined on the assumption that the elastic theory for 
a homogeneous material is applicable. Concrete is 


Bending stressés 6, across © 
x if 


H 
Fig. 4.—Concentrated load on centre of upper edge, ati 1 
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assumed to be incapable of taking tension, and 
tension regions as found by the elastic theory are rein- 
forced with steel on the basis that full working stress is) 
developed. This method of calculating reinforcemen 
appears to be generally accepted wherever the ordinary 
concrete flexure theory is not applicable. ~ | 
Clause 1 applies to girder walls of uniform section 
only ; Clauses 2 to 5 apply to girder walls (a) of uniform 
section ; (b) of uniform section in the direction of the 
span but varying in thickness with height. HY 
CLAUSE 1. The Minimum Thickness as deter= 
mined by Elastic Stability.* N 
Where the minimum wall thickness is determined by 
transverse bending stresses (as in bunkers, tanks, etc.), 
the possibility of buckling need not be considered. 7] 
Where no major transverse bending stresses exist, the 
elastic stability should be checked. The following 


= 


*Based on references 7 and 38. - a | 


Stress trajectories 
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formula holds for a panel loaded in its own plane and 
simply supported laterally on all four sides. Such 


‘lateral supports may be cross-walls and floors. The 


existence of adjacent continuous panels is immaterial. 
The minimum permissible thickness b’ is given by 


_ | 
OF 20.00 es Bia A os 
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where L = length of panel 
H = height of panel 


i 
and /x is a function of — given in following table : - 


TABLE 1 
H =— — 
== O42 | '0'.8 0.4 0.6 08 Ep I.2 4 PLO. ities 2.0 2.8 234, CER 4 a 
L r 
y= 122 2 5L0 29 6.92 4 23 3 45 3 29 3.40 3 08 3 45 S32 3 29 3-40 
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(b) c) 
Stress Trajectories Bending Stresses Bending Stresses 
! Sy, on I-T ; Sy on 2-2 


a H 
|'ig. 5.—Continuous girder wall on 3 supports at the same level under uniformly distributed load on bottom edge, cs 1 
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Fig. 6._Lever arm curves for (1) Uniformly distributed load (2) Central 
concentrated load at lower edge 


This result is independent of the loading as it is 
assumed that compressive working stresses are reached 
in the girder wall. 


CLAUSE2. Simply Supported Girder Walls 
A. Uniformly Distributed Loading along Upper 
Edge 
(1) Bending Reinforcement : 
The necessary area of tensile bending steel As is 
obtained from the relation 


0-8 
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The area of hanging steel A n is given by 
Ww 

An = — Ome Oar. vt (7 


= F fs 

where W is the applied load between the supports and / 
is the permissible steel stress. The bars are to be 
vertical and uniformly spaced, and may be stopped off 
or bent outwards at 45 deg. along the lateral limitatior 
lines AF, the construction for which is shown in Fig. 10. 

The bent-up bending steel is insufficient to take car 
of the inclined tension. The additional reinforcemen 
required for this purpose is read off from Fig. 8. These 
bars should cross the lateral limitation lines AF between 
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Fig. 7—Effective lever arm curves for upper central concentrated load 


where M is the bending moment at the centre section, /s 
is the permissible steel stress and a is the lever arm as 
given in Fig. 6. The bars are to be placed along the 
lower edge and are to be bent up at 45 deg. strictly in 
accordance with the ordinary bending-up diagram found 
from the bending moments. 

(2) Vertical hanging and “ inclined tension ”’ *steel : 

None required. 


B. Uniformly Distributed Loading along Lower 
Edge. 
(1) Bending reinforcement : 


As for A(1). 
(2) Vertical hanging and inclined tension steel : 


*Analogous to ‘ “diagonal tension.’ 


K and F, and should be more closely spaced at K than at 
the upper edge. Small adjustments are permissible near 
K to secure continuity between the additional inclined 
tension. steel and the bent-up bending steel. Hanging 
steel crossing the lateral limitation lines may be bent 
over at 45 deg. to help take care of inclined tension. 
The balance of the hanging steel may be stopped off in 
accordance with the vertical tension distribution curves 
of Fig. 11, bent over bars to be regarded as stopped off. 


C. Concentrated Load at Centre of Lower Edge. 
(1) Bending reinforcement : 
Procedure as in A(r). The lever arm curve is shown 


in Fig. 6. : 


(2) Vertical hangi ng and inclined tension steel - 
The area of hanging steel An is given by equation (7 
where W is the applied concentrated load. The - 


‘carried up vertically and are to be bent outwards or 
stopped off in accordance with the vertical tension 
‘distribution diagram of Fig. 13. 

_ The additional inclined bending steel is read off from 
Ee: 8. These bars should cross the lateral limitation 
lines AF between K and F (as shown in Fig. 12), and 
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jould be more closely spaced at AK than at the upper 
Small adjustments are permissible near K to 
re continuity between the inclined tension steel and 
ent-up bending steel. A om ; 
Hanging steel crossing the lateral limitation lines may 
bent over at 45 deg. to help the care of inclined 


ncentrated in the region of the applied load, are to be - 


dy 2 DISTANCE OF UPPER LIMIT 
OF TENSION REGION FROM 
UPPER EDGE 
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sidered as split into a lower tension zone T and.an upper 
tension zone (Z’-T). 
The lower area of tension steel A; (corresponding to 7) , 
is calculated as before from the formula 
M 
A,=— . 
Fea 
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Fig 9. Effective limits and centroid of upper tension zone 


where M is the central bending moment, a is the equiva- 
lent lever arm shown in Fig. 7 and /s is the permissible 
steel stress. This lower zone steel is to be bent up 
strictly in accordance with the ordinary bending-up 
diagram found from the bending moments. 

The upper area of tension steel Ay (corresponding to 
T’-T) is calculated by first finding the total steel area A'y 
from the formula 

M 


A’'r => ; Fi . ’ 4 > (9) 
faa’ 
where a’ is the equivalent lever arm shown in Fig, 7. 
Then Ag = Ay Ag es ig ee AE 
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The effective upper and lower limits of the upper tension 
zone, dy and d,, as well as the position of the centroid of 
tension dc, all measured as distances below the upper 
edge, are plotted in Fig. 9. The reinforcement Av is to 
be spread over this region with its centroid a distance dc 
below the upper edge. The bars are to be bent up at 
45 deg. as before, starting with the upper bar, in 
accordance with the bending-up diagram. 

(2) Vertical hanging and inclined tension steel : 

None required. 


E. Combinations of Loadings Types A, B, Cand D. 
(1) Bending Reinforcement - 

Separate out the loading into type A, B, C and D 
components. Calculate the steel areas required for each 
separately. Combine to obtain the steel for the lower 


Distributed Load, (b) Concentrated Loads at the™ 
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For detailed information on vertical tension distri- 
bution diagrams for compound loading the reader ‘isa 
referred to a more comprehensive series of articles and 
diagrams on Girder Walls by the writer, kept for reference ~ 
in the Institution Library. eer 


CLAUSE 3. Girder Walls Continuous over a large 
number of supports and loaded by (a) A Uniformly — 


centre of every Span applied at the Lower Edge.* 


(1) Bending Reinforcement : 7 

A reference to Fig. 14 (b) indicates that in order tom 
detail the steel at the centre line of the span the bending © 
moment and the lever arm only are required. All 
reinforcement is to be placed close to the lower edge. On ~ 
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Fig 10. Lateral limitation lines AF for uniformly distributed load % 
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Fraction of support reaction or tension across lower edge of girder wall “ 


Fig. 11—Vertical tension and compression distribution diagrams—uniformly distributed load 


and upper tension zones A, and Av respectively. The 
lower bending steel A, is bent up according to the bend- 
ing-up curve based on the combined bending moment 
diagram. The upper bending steel Av is bent up accord- 
ing to the bending-up curve based on the upper con- 
centrated central load only. 


(2) Vertical hanging and inclined tension steel : 


Separate out into the component loadings as in (1) and 
detail separately according to the rules given for loadings 
types A, B, C and D. The systems of reinforcement are 
then superimposed. Adjustments and_ rationalisation 
may then be necessary to secure continuity of reinforce- 
ment. 


the other hand it is clear from Fig. 14 (c) that additional 
information is required concerning the location of the 
reinforcement. For this purpose the height of the 
“neutral axis ’’ yo and the centre of tension y: above the 
lower edge will be given. It will be noted that the 
dimensions tabulated are a function of a 


c¢ support width 


cae — 


Thevaluee =} ~ > 


7 span ic: 
will be found of great value when live loads are con= 
sidered. 7 ys a 


*This clause is based on Dischinger’s papers (References 
and 3). i 


The tule is as follows eee cra a Perea “ 
e lever arm a, the height of the ‘‘ neutral axis” yo and. 
height y: of the centroid of the tension region at the 
pport section above the lower edge are given by the 

rnoulli-Eulerian values 


1 
ms, 
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(1) Support reactions : 
The end support is to be designed for a pressure of 


~ W, the first and all other interior supports for a pressure 
8 ‘ é 


‘ ik 2 
nt ; ; 
a=—H of W, where W is the total load per span. 
3 , i : 
I (2) Bending, vertical hanging and inclined tension rein- 
Yo = —-H (rz) forcement : 
; 2 The outer half of the end span is to be designed as if 
iy: 2 H the whole span were simply supported. This consider- 
eras cs. ation determines the maximum (central) bending 
mE \i Rae ea moment. The lever arm and the method of bending up 
yy the values given in Table 2, whichever is smaller. etc. are as for Clause 2. 
> , ‘ 4 i 
- TABLE 2 
rs \g Bending moment c I I | I | I I 
i Type of Loading Section (sagging + ve) oe = = — 
a ty ‘ : Ee 2 5 10 20 Le 
: aaa 
Uniformly distributed j w L2 a | 
load w per unit length span = (1 —e?) — 0.437 0.465 0.468 0.469 0.470 
(see. Fig! 14), 24 Ji 
: , w L? a 
4 23 - support Ss (I—«)(2—e) _ 0.437 0.373 0.337 0.312 0.302 
, wg 24) ve 
Jo : 
:. : — 0.163 0.100 0.065 0.048 0.035 
ae. ie 
Y 45 
— 0.491 0.403 O 3506 0.318 0.280 
Ve, | 
a ae f — 
WL a 
- span + —— (1—s) — ©. 437 0.420 0.412 0.405 0.395 
4 8 i 
entral concentrated [+ tc eiaag Say 
oad W applied at support WL a 
pwer edget (width — —— (1—e) | = 0.437 0.420 O 412 0 405 0.395 
applied load = ce). 8 LE, 
y , | 
Vo 
— 0.163 0.135 0 100 0.088 0.072 
Vt 
— 0.491 0 456 O 435 0.418. | 0.400 
| L 
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Fig. 15 indicates diagrammatically the location of the 
rcement for a continuous girder wall under a 
mly distributed loading along the upper edge. 
Account should be taken of the spread of the tensile 
‘orees above the supports by making use of radial lines 
sk. 

LAUSE 4. The End Span of a Continuous Girder 
Ul on three or more Supports. 


irder walls are very sensitive to settlement. Where 
port reactions vary, as in end spans, the mere elastic 
erential deflection of the supporting columns suffices 
r the stress distribution radically. In end spans 
ce must therefore be made for “ elastic settle- 


‘ 


+For central concentrated loads applied at the upper edge the same results as for central concentrated loads applied at the lower 
; H 
‘edge may be used, provided — <1. For —> 1 no definite information is available. Recourse may be had to an analogy 


vith the results given in Clause 2D for simply supported girder walls, both for span and support sections. 


The inner half of the exterior span, including the first 
support section, is to be designed as an interior span of a 
continuous girder wall (Clause 3). The reversed bending 
moment at the first interior support section may be 
taken the same as for long beams. 


To provide against settlement of the first interior 
support the end span and the first interior span together 
are to be regarded as a simply supported girder wall of 


I 
length 2L, loaded by a central concentrated load — W. 
4 


The corresponding area of bending steel, etc. are to be 
found as in Clause 2 C. When the support foundations 
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are “unyielding”’ this settlement allowance may. be 


halved. 
CLAUSE 5 


Wall. 


Referring to Fig. 16 let or and 02 be the average 
directions of the maximum and minimum principal 


Design near an opening in a Girder 


Fig 12. Lateral limitation lines 


AF for i ratios for lower 


central concentrated load 


stresses respectively in the region of the opening when 
the member is regarded as unperforated. Then the 
“ unperforated force ’’* intercepted by the hole in each 
direction will be called the“ Intercepted Force.” 


*The area inte; gial of the stresses in the same region of the 
member before perforation. 
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Fraction of support reaction or tension across lower edge of girder wall 
Fig. 13.—Vertical tension and compression distributions diagrams for lower central concentrated load 
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The effect of an opening on the matnericanted stre: 
distribution is as follows :— 2 s 


(1) The Intercepted Force is deviated past the openin, 
on each side, leading to a rise of stress along those edges 
of the hole which are approximately tangential to the 
unperforated lines of stress,(near corners A and A’ in 
Fig. 16). 


(2) A force of opposite sign is induced along the edg 
of the opening approximately perpendicular to the un- 
perforated lines of stress considered (near corners 
and B’). ; 


Let the Intersepted Tension along or be P,, the Inter- 
cepted Comprescion along 02 be Py. Consider first thi 
effect of the hole on the tensile stresses oI only. 


The tensions additional to those existing before per- 
foration, which are deviated past the hole at A and A’ 
will be expressed by means of the products + As.P, and 
Ake P, (tension is taken positive), where A, and Ag 
are the “‘ Deviation Factors ’’ at A and A’ respectively. 
The force of opposite sign (a compression in this case) 
that is “‘ induced’ at B and at B’ will be expressed by 
means of the product — 3, . P,, where 3, is the Induction ‘| 
Factor corresponding to the intercepted force P). 

Similarly the additional forces produced by the hole) 
on the compressive stresses 02 are — Ag. Py, — Ay’ . Pg 
and + 8,.P,at B, B’ and A and A’ respectively: 
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(2a) MIOSPAN SECTION A-A, G.W. SUPPORT SECTION 8-8, GW 
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_ Hence the nett additional forces produced by the 
presence of the opening are : 
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_ The definition of “ Intercepted Force” given above 
must be modified when the “‘ unperforated ”’ stress in the 
direction considered passes through a zero value within 
‘the area delimited by the hole. When the Deviated 
Force is concerned the tensile portion of the force inter- 
cepted by the opening will be taken as the Intercepted 
Force. When, on the other hand, the Induced Force is 
concerned, the compressive part will be taken as the 
| Intercepted Force. 


_ 
1. Values of the Deviation Factor A 
z. TABLE 3° 


bs 


s Type of “‘ unperforated ’’ stress field Values of A 
: i 


» 


i 
nf 

Principal stresses decreasing as the edge of 
| the hole is approached* ... se “hae tG-y <o) Aion 8 


” 


‘Principal stresses increasing as the edge of 
| the hole is approached ie 335 AP A005 
| a 
Principal stresses constant in the vicinity of 
4 the hole oe ties ae er ao sees 


Perpendicular to the Deviated Force under consideration. 

~The values given above are not sensibly affected by the 
‘proximity of an external boundary. The upper limit of 
_the Deviation Factor is 0.75. 


Values of the Induction Factor 5 


_ This factor varies between zero and 0.15 depending on 
the shape of the hole. The value 8 = 0.15 is applicable 


Fig 15 Reinforcement scheme for continuous girder 
wall under uniformly distributed loading along the 
upper edge 


to a crack perpendicular to the lines of stress considered. 
As the factor is small the maximum value may be used 
h little loss of economy. _ 


Phe reinforcement throughout is then based on the » 
q tensile force 
elation As = ———_________ 

BPs ne ‘permissible steel stress 


Ist 


For guidance in determining the unperforated stress 
fields in a girder wall the reader is referred to the writer’s 
articles in the Institution Library. 


Conclusion 


Confirmation of the stress distributions on which the 
above design recommendations are based was obtained 
by running a series of tests on simply supported rein- 
forced concrete girder wall models with and without 
openings. Substantial agreement with the theoretical 


LOCATION 
OF HOLE 


Fig 16. Showing location of opening in ‘‘ unperfor- 
ated’’ stress field 


results was obtained. For experimental details the 
reader is again referred to the articles in the Institution 
Library. 

It is clear that the work on this subject is by no means 


_complete. In view of the considerable labour involved 


in obtaining a solution for each load configuration, only 
the more immediately useful types of loading were 
considered. 


It is hoped, however, that the data presented in this 
paper will cover most practical cases designers may 
encounter, and will assist in the advancement of this 
branch of engineering science. 
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The author wishes to make tt clear that no more accuracy 
than is necessary for design purposes ts claimed for this 
method. 

He does claim, however, that use of tt ts simpler than the 
solution of a fourth order partial differential equation, and 
that all assumptions made in it are reasonable. 

The only unknown quantity involved is the choicé of 
point load, “‘P,” and this must he-left to the intelligent 
discretion of the designer. 


General Descr:ption of Method 


The essence of this method is contained in a con- 
sideration of the equilibrium of a beam, loaded at its 
centre with a point load “‘ P,”’ and supported elastically 
along its length in such a way that the degree of support 
is directly proportionate to the depression of the sup- 
porting medium. 


It is assumed that the beam will bend into a segment 
of a circle under this loading, and it now remains to find 
the values of “J” and ‘“‘d max” (chord length and 
segment height respectively) WHERE ‘“/’’ IS NOT 
NECESSARILY THE SAME AS THE LENGTH: OF 
THE BEAM. (Fig. 1.) 
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Fig. 1 
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Let the elastic constant of the support be “ K’’. that 
is, the reaction between the beam and the support at 
any point is given by 


' 


R = Kd where “d”’ is the deflection. 

If we ignore the self weight of the beam as not affecting 
its deflected form, we may write down the first static 
equation, which is :-— 
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We now consider the deflection due to this loading, 
and, since the arrangement is symmetrical, it is sufficient 
to consider only one half of the beam, and the problem 
now resolves itself into finding the deflection of the free 


* Precis of a paper which is avatlable for veference in the Institution 
Library. 
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The Assumed Deflection Method ior th 
Determination of Transverse Stresses in Slab 


Supported on Two Sides* 


By Ronald Noble, B.Sc.(Eng.) 
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1 5 
end of a cantilever, length —, loaded with segmental 
2 a 


loading of maximum value Kd max. 
From this, the second static equation is obtained :— 
(deflection due to Kd) =dmax. . . oo (2) 
From equations (x) and (2), it is a simple ‘matter to 
solve for “‘ d max’ and “‘1”’ and thence the value of the 
maximum Bending Moment in the beam, the stresses, 
etc., may be obtained. . 
Particular SBplicatrin to the Slab Supported on 
Two S.des ; 


Consider a slab of dimensions L, and L, supported 
along opposite sides of length L, and of moderate skew. 
The dimensions L, and L,; being measured parallel to 
the sides and to the supports of the slab respectively. 

The principle assumption is that the slab approximates 
in action to a series of disconnected beams of unit width, 
parallel to the sides of the slab and of moment of inertia’ 
I,, supported over a span L,. with a series of dis- 
connected unit beams of moment of inertia J; and 
length L, resting on them parallel to the support 
(Fig. 2.) 
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Fig. 2 


I, and J; are the moments of inertia of the slab/unit 
length, about axes perpendicular to the sides and sup- 
ports respectively. 

All loading placed on the top beams will be trans- 
mitted by reaction through to the lower beams and 
thence to the supports. 

It will be seen that the transverse beams may therefore 
be considered as resting on a supporting medium whose 
elastic constant is the relation between the deflection 
of the longitudinal beam and the force causing that 
deflection, which will depend both on the degree of end 
fixity involved, and on the position over the span of the 
transverse beam. 

Taking the case of a transverse beam at the centre of 
a simply supported span, equations (1) and (2) may now 
be applied in order to solve for “‘ d max”’ and ““]”” 
so find the maximum design moment. a 
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Three cases of loading have been considered. 


: ht 

_ Case x: Load at centre span! < L, ‘ga RN fa 0.098d. (8) 
Case 2: Load at centre span] y Ly 48EI,Ly Mr re ane, 
Case 3 : Load on extreme edge of slab. ef dy 5 5a 

The deflection due to the segmental loading was in M, = 18.347 Ely —— + 6El, y ie (9) 
ach case found by using the Mohr Moment Area method. Je re iA a 


CASE 1: Loap At CENTRE SPAN/ < L, 


~ This applies to wide slabs, there the effect of the loa 
is not felt towards the edges of the slab, and the deflected 


CASE 3: Pornt LOAD ON EDGE OF SLAB 


The procedure adopted in treating this condition is 
exactly the same as in cases 1 and 2, and the equations 


transverse section assumes the form (Fig. 3). are :— 
, meme areal t 
ios WV 0504 EAA A MT ke Rs 
I, 
| Pls 
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| JEigihe 
| i 
M, = 0.245 Pl. . . . . . . . . . . (12) 


_ Fig. 3 
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£ For simplicity, the effect of end fixity on the length 


da+y 


Having established “‘ P”’ a check in equation (4) will 
show which loading case, 1 or 2, is to be used in finding 
the maximum positive moment. 

Since the value of ‘‘ ”’ is in inverse relation to the 
value of ‘‘ K,” it follows that the transverse reinforce- 
ment may be reduced towards the supports, and it is 
recommended that, in the case of simply supported slabs, 
the reinforcement be reduced at quarter span to 60 per 
cent. its maximum value. 


_ Cornish Engineers, by Bernard Hollowood, illus- 

tated by Terence Cuneo. (Camborne, England : Hol- 
jan Bros., Ltd., 1951.) 96 pp., 10 in. x 8in. (Private 
Arculation.) » 


Procedure to be Adopted in Design 
“~L,”’ is ignored. The value of “ P’’ to be used is that point load, or 
“very large extent as the degree of fixity is not perfect, and be the maximum imposed on the slab. 
ightly greater than those obtained with fixity included. cted x sition 
_ Similarly any negative moment would be less than that undef lecte P eu 
‘is considered. 
_ Under these conditions the equations are :— 
- (4) 
Pere? Xo rO2® 
= = = ° . (5) [+ 
ii OMG pene dwn ne as | Lather (0) Fig. 4 
MAsE 2; Loap aT CENTRE SPAN / > Ly 
leflected shape as in (Fig. 4) and the equations become : 
a ; Taio 
a E + 4.01 | = 
LL? 
the intensive research and careful workmanship required 
The interesting history of Cornish mining describes 
how the high pressure steam engine, the air compressor 


| This will not affect the accuracy of the result to a equivalent point load on a unit length which is likely to 
‘therefore the resulting positive moments will be only 
‘calculated later when a point load on the edge of the slab ie 
i = 7 
, A 5.625 ee LA . 
a i 
yet : EI, Paes es 2: sis fet gi 
In this case the entire slab width deflects giving a 
P Tops Es r 
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as mines deepened and industry spread. 
and pneumatic tools not only saved it several times but 


This book is published for and is primarily a history 

4% the 150 years’ life of Holman Bros., of Camborne, 
Jornwall. 

It gives an interesting history of the family business, 
its work with men like Trevethich, on the early Cornish 
igines and the locomotive, and to Government contracts 
1 the war years and projects all over the world in the 
ost-war period. 

The firm grew with the metalliferous mining industry 
f Cornwall and expanded abroad with the Cornish 
iner to such an extent that despite the decline of the 
eal industry it still has a world reputation for mining 
achinery and other engineering products grown from 


ALS 


allowed the firm to expand into the civil engineering 
and other industries, where the use of air allowed tools 
to do work and be used in positions and under conditions 
practically impossible with other power units. The 
ventilation of underground working was helped, flexi- 
bility of power units allowed work to be done far from 
static power plants, and pneumatic force was applied 
in such different spheres as drilling holes, clearing up 
dirt, compacting concrete and firing projectiles. 

Work done in peace and war, helped by the family 
spirit giving close contacts with both customers and 
employees, is a fine example of the Cornish motto : “ One 
and All.” Se pen 
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Faults in Concrete Structures” 


Discussion on Mr. P. G. Bowie’s Paper* 


The PRESIDENT, proposing the thanks of the meeting 
to Mr. Bowie, said it would be appreciated that in the 
presentation of his subject he had given information 
additional to that contained in the paper. The purpose 
of the Institutions’ meetings was to pool knowledge, and 
Mr. Bowie had helped in that regard in a very able 
manner. The hearty thanks of the Institution were 
due to him, not only for the information he had given, 
but also for the very able and interesting manner in 
which he had presented it. 

(The vote of thanks was warmly accorded, and Mr. 
Bowie briefly expressed his appreciation). 


Mr. A. H. Ley (Associate) said how very much he 
had appreciated Mr. Bowie's most enlightening talk, and 
asked if he could give some help’on a question which 
was always cropping up in private practice, in connection 
with old buildings. He mentioned a case where there 
were three separate reinforced concrete buildings, six 
storeys high, all of which were erected by different 
contractors during the first World War. They were of 
similar construction and of very similar design, and in 
every case spalling had occurred in the beams and in 
the columns exactly as had been illustrated by Mr. Bowie. 
Mr. Ley’s firm had carried out some experiments to 
ascertain the best means of overcoming the trouble, and 
they were given the opportunity to leave the experi- 
mental specimens for twelve months before tackling 
the job in a permanent manner. Various means were 
tried—the blown-on method, shuttering and pouring 
new concrete and also what was more or ‘less plastering. 
There was a marked difierence in the final results ; 
where the old concrete had been cut away, new form work 
put up and new concrete cast on, there seemed to be 
very much better adhesion than in the other cases. He 
asked if Mr. Bowie considered that in the other cases 
there had been bad workmanship, or whether the method 
which had given good adhesion was the one that he 
would recommend. 

Mr. BowtE replied that he would recommend the new 
formwork and concrete method if it were possible to 
apply it, but this was not always possible ; where there 
was a large flat surface it was not a very easy method to 
adopt. -One of the older bridges in London led on to 
Cory’s wharf at Purfleet, built. in 1907 or thereabouts. 
It was in a very good state of preservation, though there 
had been some slight exposure of aggregate. It was a 
girder of the vierendeel type, and 20 years ago some of 
: the verticals had been damaged by lorries ; it was 


repaired by the method Mr. Ley had mentioned : the _ 


repairs were perfectly sound to-day. A similar type of 
repair was being carried out on the main jetty by an 
experienced contractor, and Mr. Bowie believed it 
would be a most satisfactory job. 

A great difficulty was to secure contact ; we could not 
get an adequate Key without going to a lot_of trouble. 
In order to.achieve it one would probably have to cut 
down to the reinforcement. The provision of shuttering 


* Presented at a mecting of the Institution of Siructural Engineers 
ai 11, Upper Belgrave Street, London, S.W.1, on Thursday, March 
13th, 1952. Mr. Walter C. Andrews,O.B.E.,M_I.C. E., M_I_Struct.E. 
(President), im the Chair. Published in THE STRUCTURAL 
ENGINEER, Vol XXX, No. 3, p. 51- 


and the ramming of the concrete was the best metlfod 
where it could be applied. 

Where there was a big projection, one should covet 
it with lead or equal to keep out the water ; in the 
of a minor projection such as a window-sill, one should 
slope the top. "4 


Mr. C. V. Blumfield (Member), who added his appre 
ciation of the paper, said that nearly all the trouble 
experienced with concrete seemed to be due to the 
infiltration of moisture ; there might be a crack in the 
concrete due to the tension in the reinforcement, and 
there was not much that one could do about these. 

He asked if Mr. Bowie could give an opinion with 
regard to the various proprietary preparations whick 
could be used in concrete in order to make it more dense 
and to prevent the infiltration of water, whereby pre- 
sumably the leaching effect where the moisture came 
through the concrete and brought out with it the 
ingredients, could be avoided. r 


Mr. Bowle commented that he had some little diffi- 
culty in giving an answer. He preferred cement to be py 
and undefiled. However, perhaps Mr. Blumfield a 
himself could have a little chat about it in another pla a 

It was said that the enemy of concrete was wate 
either when the concrete was mixed, or at a later stage, 
and he urged that one should use concrete in as ary 4 
state as possible. ; 


Mr. A. W. D. MARSHALL (Associate Member) said thai 
the members were grateful to Mr. Bowie, for havit 
presented his paper on the defects of concrete, for mos 
of them were only too conscious that there were defects 

He suggested that we were not learning from the 
defects we saw, but -were making matters worse fa 
ourselves by being too “ clever,” and storing up trou 
for posterity. He believed that nearly all Mr. Bowi 
examples had shown that it was lack of concrete cov 
that was the greatest cause of the defects. 

We should see what the Institution’and other techni 
bodies concerned could do to improve the quality of the 
concrete and workmanship on the job. It was said 
the enemy of concrete was water, and that was true t 
some degree, but in Mr. Marshall’s view lack of wate 
was equally an enemy ; proper consolidation was ee 
difficult to achieve to-day, no matter what was in the 
specification. When the reinforcement bars had ven 
poorly compacted concrete around them, one wonderee 
whether the adhesion of the concrete around the bar 
was such as to develop the bond stresses. 

Asking how old concrete should be before a protecti’ vi 
coating was applied to it, Mr. Marshall said that if ¢ 
reinforced concrete structure were painted with 
substance to prevent water and air getting into it, tha 
substance must also to some degree prevent the ¢ 
out of the structure. 


Mr. Bowte, as a member of the Institution of Struc 
tural Engineers, said he felt entitled to say that one ¢ 
the main causes of trouble in columns was the architect: 
He felt that they did push us rather hard in 
the size of columns. Stilts did not appeal to him! E 
was quite content with the concrete covering normall 
allowed for the inside of a building, but on the outsi¢ 
he would not stop at 2 in. ; rather would he put on 
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if he could afford it. 
a steel stanchion, and he felt it would be a good scheme 
to apply a very much thicker covering than the normal 
to all external columns. 

The problem of the instruction of craftsmen was one 
of the matters which the Institution had had in mind 
for some time. There was an Association which was 
producing, or was hoping to produce leaflets in that 
connection ; such leaflets were very difficult to draft, 
for we must neither insult a man by assuming he was too 
ignorant, nor talk too far above his head. 

_ As to how long a period should elapse between com- 
pleting a structure and applying a protective coating 
to the concrete, he did not think there was any particular 
limit of time. When using ordinary cement he believed 
the chemical reactions were completed in a month, and 
he had in mind applying the dope after that sort of 
pe eriod. But he did not know that one would do much 
arm by applying it at once. In that connection he 
mentioned an aerodrome at which a sprayed membrane 
covering was applied to the concrete paving immediately 
it was completed. The old idea about concrete was not 
to let it dry out, but what ‘we wanted was to prevent the 
water evaporating. He did not think there was any 
reason to delay the application of a protective coating. 


- Dr. T. P. O’SuLLIVAN commented that Mr. Bowie’s 
paper was extraordinarily appropriate at the present 
time, drawing attention to the various factors arising in 
connection with faults in concrete, particularly in view 
‘of the difficulties encountered in obtaining licences for 
‘the erection of new structures, more and more engineers 
nowadays were being required to effect repairs to build- 
ings which before the war would have been demolished 
and replaced by new ones. 
_ Discussing a problem with which he was faced con- 
erning a large factory, some 350 ft. long, in a mining 
area, he said the building had settled in such a way that 
the floor at one end was 4 ft. 6 in. lower than at the other, 
O’Sullivan indicated the position of a fault in the 
round, the point to which the coal workings had been 
a and the shape which the settlement was tending 
totake. It was expected that within the next ten years 
another 18 ft. depth of coal would come out, and that 
- ere would be further subsidence of anything up to 
Io or 12 ft., but the client still insisted that the 
building must be kept going. There were important 
rocesses which they did not want to interrupt, and they 
also realised that there was little possibility of getting a 
icence for a new building. 


had occurred. As a result of the coal being taken out, 
re was a draw in the direction from which the coal 
d been worked. It had been described by a Commit- 
of the Institution of Structural Engineers, which 
mmittee had reported on it in a paper published by 
> Institution. * 

iit was a credit to the designers that, in spite of the 
ifferential settlement, by reason of which one half of 
he building was of mushroom construction, and the 
Other half of beam and slab construction, the floor was 
ost unimpaired, there being hardly a crack in it. 
he factory was built in 1925. 

Dr. O’Sullivan went on to refer to a road failure, one 
the most spectacular he had ever seen. There were 
Xpansion joints at every 60 ft., the slabs were 6 in. deep 
nd the jointing material was ‘only 4 in. deep. It was 
ound eventually that in effect there was no expansion 
int over a length of about 1,500 ft. Three days after 
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We put 4h in. of cic sound 


It was interesting to note the way in which the failure _ 
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the casting of a certain section a failure occurred, at one 
point the surface being raised 2 in. It was one of the 
most sudden failures he had ever seen, and he did not 
want to see such a failure again. 


Mr. J. OWEN LAKE (Associate-Member) said Mr. Bowie 
had mentioned that a point at which cracks were fre- 
quently obvious was in external columns at floor level, 
and he had attributed that to the presence of construction 
joints, congestion of reinforcement, the combination of 
cranked and spliced column bars and the prevalence of 
high bond stresses. Cracks had also been attributed to 
moisture and temperature movements. 

Mr. Lake drew attention to a factor which might often 
be a more fundamental cause of cracking in external 
columns at floor level, namely, settlement. In designing 
steel frame or reinforced concrete frame structures it was 
almost invariably the practice to assume that they would 
be erected on rigid foundations. If the effects of even 
quite small differential settlements on the bending 
moments and shear forces in a framed structure were 
analysed, an unsatisfactory condition was disclosed. 
For example, Meyerhoff in an analysis of typical 
building frames, had found that a relative settlement of 
adjacent bases of less than 4 in, almost doubled the 
initial stress calculated with no settlement at critical 
sections in beams and columns. It was perhaps signifi- 
cant that the critical sections where the greatest increase 
of secondary stress occurs were the junctions between 
external columns and beams, especially in the lower 
storeys of a framed building. It would appear, there- 


‘fore, that the neglect of the influence of settlement on 


superstructure design might often be the primary cause 
of such faults. 

There was a tendency, continued Mr. Lake, to advocate 
higher working stresses, and inevitably that necessitated 
further refinement of structural analysis. However, 
such calculations based on the assumption of rigid 
foundations would have no validity whatsoever if such a 
concept was not realised in practice by properly designed 
foundations. 


Mr. Bowlk said he had merely stated his views on the 
matter. In a normal building one column might be 
loaded and another was not ; he doubted very much 
that in any building of average size all the columns had 
settled to the same extent. They had all settled, there 
might be 2 in. settlement anyway, and whether it was 
2 in. or 24 in. would theoretically make a lot of difference 
to the stresses, and he did not think that by analysis 
we should get much closer. Of course, if one feared 
something of that sort, one could modify a building. 
By using a mushroom slab one would get a much more 
flexible floor structure, and consequently less stress 
would be imposed on the column due to settlement. In 
columns, not only did one have a congestion of bars, but 
often on the next storey the column was not quite where 
one had thought, and it became necessary to cramp the 
bars somewhat. Such things led to the introduction 
of secondary stresses due to the kinks and bends in the 
bars, which stresses led to cracking. There was a 
tendency in the United States to avoid that cracking 
and the lapping of column bars by welding on the next 
lift. The old idea was to use a piece of gas barrel in 
order to join two lengths of bar. 

If we looked at a column and followed the normal 
methods of calculation we could see there was a change 
from compression in one face of the column to tension 
on the same face below the floor ; therefore, we must 
have very high bond stresses in the bars that ran right 
through. : 
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Mr. C. B. Brows (Member) said that he was particu. 


larly struck by Mr. Bowie’s reference to reinforced 
concrete structures which had failed at about the age 
of 25-30 years. Admittedly, there were quite a number 
of reinforced concrete structures of considerably greater 
age—he believed that in this country their ages ranged 
up to about 50 years or even more—which were still in 


perfectly sound condition, and had not required very . 


much maintenance. 
_ Referring to a job which had been quoted by a pre- 


"vious speaker, a warehouse which had cracked up very 


badly, Mr. Brown said he believed it was built about 
30 years ago, and the main cause of the failure seemed 
to be bad concrete. There were other faults ; for 
instance, the design had left much to be desired, and the 
structure had been overloaded. In the course of investi- 
gations on that job some enquiries had been made of a 
number of people about failures in concrete. The general 
opinion was that when reinforced concrete construction 
had first started in this country it was undertaken by 
firms of high standing, who had carried out a very high 
standard of work, and the results in general had been 
very good. However, when the “concrete rage came 
on, which he believed was just after the 1914-18 War, a 
good many mushroom firms had grown up, and everyone 
who had thought that he knew anything about concrete 
had immediately launched into the concrete contracting 
business. Thus it was possible that during the 10_years 
or so following 1918 quite a number of very indifferent 
structures were built in this country. Mr. Brown 


believed that the main fault in those structures was the 


use of bad concrete. There was at that time a good 
deal of price cutting which, naturally, was reflected in 
the amount of cement that went into the concrete. 
One would like to hear whether Mr. Bowie considered 
that theory to be correct. 
Mr. Brown also added his appreciation of an extra- 
ordinarily interesting lecture. 


Mr. Bowte did not think that he could deal with that 


“matter completely. He quite agreed, of course, that the 


original reinforced concrete structures were usually 
erected by contractors who were licensed by the 
designers ; in those circumstances there was good 
supervision of the work. But then we had a war, and 
by the end of the war we had forgotten a great deal of 
what little we had known about concrete. He himself 
had had a shock when he came back after the war ; some 
plans were handed to him and he had to hurriedly try to 
remember what he had done five years previously. He 
supposed the contractors were in the same position. 
Then anybody who had thought they could make con- 
crete came into the business ; the technique was rather 
poor, and he believed that not so much trouble was 
taken then as formerly. He did not think the Govern- 
ment contractors and engineers had quite realised how 
bad concrete could be if the work were not supervised 
adequately. He had seen the concrete at roof level in a 
five-storey building of almost entirely 2 in. aggregate, 
which had obviously been scraped from the bottom of 
the heap ; the contractors had simply used it up. We 
might not be perfect to-day, he said, but the work 
nowadays was a great deal better than formerly. 

Thus we had experienced the two extremes. At 
first the contractors were worried about reinforced 
concrete construction and later they had become over- 
satisfied with it ; and nowadays he believed we were 
getting back to the stage at which it was getting the 
attention it deserved. 


Dr. B. H. Knicur (Member) mentioned one or two 
points which bothered him, though in some cases they 


might appear to be elementary. 


Fie 4 rin the paper showed a bomb: damaged build 
and he would have described that as a oR, t 
concrete ; he asked if Mr. Bowie would agree with tha 
view. 

With regard to Fig. 2, whack showed Limonite sta ining 
on a concrete surface, he said that as a rule it started ina. 
slightly different form ; it started with marcasite in th 
pits from which the stone came. In concrete it toe 
7-8 years for the staining to appear ; so that it was¢ 
Sag process which he believed was ‘due to hydratioi 
and possibly to alkaline reaction as well. He did no 
think there was a remedy for it expect to cut out the 
offending stone and start again. He had tried © 
find a means of dealing with the problem in the pits, bu f 
that was not easy, and it seemed that the only thing te 
do was to get to know the pits which produced ai 
stone and to avoid the use of aggregates from those pits 

Being unable to understand the captions to Figs. 4 and 
in the paper, Dr. Knight asked if Mr. Bowie would say 
what they meant. 

On page 53 there was reference to the effect of heat o1 
concrete structures, but nothing was stated there abow 
the work done recently by the Building Research Station 
concerning the expansive properties of concretes made 
with different aggregates. A lot of buildings had to be 
constructed with siliceous aggregates. Dr. Knight askal 
if the author could amplify his remarks on the effects 
of heat, and could indicate how he dealt with the matte 
in order to avoid trouble due to the expansive nature 
of the materials. : 

One of the worst features of concrete was its bad 
appearance if it were not well placed, and he asked if the 
author would agree that methods of placing concrete were 
somewhat primitive. It seemed, however, that m road 
work the matter had been studied a lot. Some peopl 
advocated the use of precast members in buildings, bu 
it would be interesting to hear Mr. Bowie’s thought: ; 
about ways of putting concrete m formwork over large 
areas which would give it a nicer appearance and would 
render unnecessary the use of bush hammers, and so ony 


Mr. Bowrg, referring to the bomb-damaged building 
in Fig. 1, said there were companion photographs 
showing how considerable was the damage to the outel 
wall and how well it was repaired. The building had 
suffered a very considerable shock, which had jumped 
the columns right off their seats, so that the splice ba rs 
were forced out. The photograph was intended to 
illustrate the great resistance afforded by reinforced 
concrete. 

As to limonite staining, it did not appear to be very 
difficult to chip out the offending material and refill b y 
pushing in a pat of mortar and a stone. ; 

Coming to Figs. 4 and 5, he said the photograph 
Fig. 4 showed an example of the effect of frost on a 
concrete which had very fine material init. It showed 
part of a bridge abutment. There was stone dust ini 
and where high proportions of dust were used there | 
a corresponding degree of porosity. 

Fig. 5 was a photograph of a bridge parapet whi 
had a flat top and on which water collected. In parts 
of Scotland the rainfall was as much as 200 in. a year, 
and the top of the parapet became absolutely saturated. 
If we saturated anything and then froze it, something 
had to go, and in that case the —— at the tee had 
come off. 

Dr. KniGHT commented that it made a aif erence 
whether one used broken brick or sand ballast or some 
of the limestones. a <i 

Mr. Bowe agreed that that was so, and said at 
quite good concrete was used in each case. If we hz 
to use a particular cement with each particular aggre 
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it would entail disadvantages from the commercial 
point of view. Dr. Knight referred to the effect of 
temperature on aggregates, and he agreed that with 
extreme ranges of temperature that factor would 
become important, but only where there were extreme 
or abnormal ranges of temperature, such as the flue 
ie or the fire testing range. At temperatures of 
40°—60° or something of that sort he did not think that 
e difference between aggregates caused much trouble. 


_ Mr. S. R. BRODERICK remarked that he was afraid 
might’ experience a sleepless night, for a speaker in 
the discussion had stated that water was bad for concrete. 
As one who dealt with water-bearing structures, he 
‘found that water improved concrete. For example, 
‘recently he had inspected a waterworks with a view 
to its extension. The works had been in use for 26 
years ; the filter bed structures were of good concrete, 
and although there were a few cracks, in general the 
concrete was in good order. He had seen the original 
drawings of the structure and had been astonished by 
‘the small amount of steel used. He considered that the 
lStresses in the walls must have been very high and, 
therefore, a certain amount of cracking should have 
‘been expected, leading to rusting of the steel, followed 
by spalling. However, on a building which was erected 
the same time as the works, there were points at 
vhich the concrete had spalled from the reinforcement. 
Mr. Broderick was of opinion that concrete surfaces 
inder water or partially under water were much more 
Tasting than surfaces on the outsides of buildings. He 
‘had to build water towers, which were most difficult 
structures in concrete, for there were so many stresses to 
de dealt with. One side was exposed to the heat of the 
n and the opposite side was in shadow, and one would 
expect cracks to occur all over the place, but the towers 
had put up did not appear to suffer in that way. 
mdoubtedly the basis for lasting structure was good 
mcrete. 


Mr. Bowie said he was speaking rather generally 
1en he had said that water was an enemy of concrete. 
was advisable to keep the proportion of water as low 
possible in a mix, provided the mix was not so dry 
at it would not consolidate properly. But he felt 
at to some extent the proportion of water that could 
operly be used in concrete depended very much on 
é structure. For a road or paving one could use a 
ry dry concrete, because one could hammer it down ; 
ereby one produced a better paving, being able to 
sure adequate consolidation. 


-- Bowie said that the towers lasted very well. He 
tioned a case in which a tower became oval between 
and sundown. Designers had to think about 
at, as well as the use of asphalt linings. 

Tf steel caused trouble we should not put in so much. 
“The use of a deformed bar would probably lead to less 
larmful cracks. 


A SPEAKER said that from Mr. Bowie’s last remark 
ould appear that steel in concrete was largely the 
e of its misfortune. The parent stone, which we 
to simulate with concrete, beautified with age, and 
t had no steel in it. He suggested to Mr. Bowie that 
here was a tendency amongst designers in reinforced 
soncrete, by virtue of their being reinforced concrete 
igners, to say that reinforcement was necessarily 
{ importance, even in the lesser stressed members. 
here were many subsidiary members in concrete 
tructures which would do their job perfectly effectively 
they had considerably less reinforcement, or none at all. 
Rec i 


xptessing sympathy with water tower designers, - 


187 


_ Mr. Bowie, remarking that he had really let himself 
in for it, said we should not put in reinforcement unless 
we considered it to be necessary. The amount of 
binding that was put into cornices and projections of 
that sort was often unnecessary. It did not add to the 
strength ; the concrete would crack before the reinforce- 
ment was stressed. 

We wanted to ensure that bars were not too near the 
surface. The difficulty was that, in placing and punning 
the concrete, the bars were liable to be moved. A 
system he wanted to try out was one using wire loop in 
a half sphere of concrete. 


Mr. J. SINGLETON-GREEN (Hon. Curator) said that 
although the discussion had been concerned mainly 
with deterioration on the outside of reinforced concrete 
structures, he would refer to a floor job which emphasised 
one of the points made by the author. The floor was in 
an office at a gasworks. Those responsible had gone 
to a lot of trouble to produce a white floor ; they had 
used white cement and a white aggregate. When the 
floor was laid it looked a splendid job, but on the follow- 
ing morning the whole surface was a dark brown colour, 
It took several days to solve the problem, but eventually 
it was found that there was a leak from one of the 
pumps, and H,S had escaped into the room in which 
the floor was laid. That would not have mattered but 
for the fact that in the Derbyshire spar there was some 
“ dust,” and in the dust there was lead. The H.S had 
reacted with the lead and formed lead sulphide. 

Another example which was rather startling concerned 
a foundation slab for a small furnace used for treating 
copper. The furnace dropped 6 to g in. and tilted. 
When the furnace was removed, it was found that the 
concrete in the foundation had melted. The heat in the 
furnace was not insulated sufficiently by the bricks ; it 
had got through to the concrete, which had melted, and 
then solidified to glass of a dark green colour. 

There were two outstanding points in connection with 
the subject under discussion. One was that we should 
put durability before strength ; but unfortunately there 
was no “ yardstick ’’ for durability. If we wanted to 
measure durability we had to do it to some extent by 
using the cube strength. ; 

The other point was control of the concrete on the 
job. He had urged job control for many years and had 
suggested that there should be concrete “ craftsmen.” 
It was a big problem, but some day it would be solved. 
It was complicated, he thought, not from the technical 
point of view, but rather by trade union consideration. 


Mr. Bowie said a trouble sometimes met with was 
that there was a drying up of the foundation underneath 
a heated slab, so that quite a hollow was formed under 
the floor and settlement occurred. But that was a minor 
difficulty compared with the case mentioned by Mr. 
Singleton-Green. 


The PRESIDENT, at the conclusion of the discussion, 
said it would be agreed that some very interesting 
comments had been evoked. He was rather surprised, 
however, that there had not been more discussion on 
deformed bars. Some 30 or 40 years ago they became 
quite popular, but their use seemed to die out in this 
country on the grounds of first costs and possibly as the 
result of by-laws and ‘regulations. Now they seemed 
to be coming into prominence again, and we might see 
much more of them. 

Finally, on the President’s proposal, the meeting 
expressed thanks to Mr. Bowie for the able way in which 
he had dealt with the discussion ; and he expressed his 
appreciation. 
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Unusual Design for a 4 
Large Constructional Shop* 


Discussion on Papert by F. R. Bullen 


Mr. BULLEN exhibited a scale model of the building 
described in the paper, and demonstrated the features 
discussed therein. He commented that the great 
advantage of such meetings was that the views of other 
members of the profession could be obtained. Being 
an art as well as a science, structural engineering was 
often capable of more than one solution and consequently 
designers could benefit by the comments of their col- 
leagues. 


The PRESIDENT, proposing a vote of thanks to the 
author, said that the Institution owed a debt of gratitude 
to Mr. Bullen and to his colleagues for having presented 
sucha paper. It wasa very useful and practical addition 
to the Proceedings, and the members would wish to 
express thanks to Mr. Bullen for the interesting and 
fiuent way in which he had presented the paper. 

(The vote of thanks was accorded with acclamation), 


Mr. BULLEN briefly expressed his appreciation. 


Mr. H. C. Huspanp (Immediate Past-Chairman, 
Yorkshire Branch) said he need make no apology for 
joiming in the discussion. Mr. Bullen would appreciate 
the genuine interest with which he had read, and re-read, 
the paper if he mentioned that in his office a set of rough 
calculations had been prepared to fit the design de- 
scribed. He had compared the structure with a two- 
hinged portal frame building of 80 ft. span with main 
frames, for planning reasons, at nearly 7o ft. centres, 
which his firm were putting up, and he could say straight 
away, in view of the claims made in the paper, that the 
steel economy achieved in Mr. Bullen’s structure was 
appreciable over the normal portal frame design, if one 
compared designs from the foundation upwards. 

Mr. Bullen should be particularly admired and 
thanked by the profession as a whole for having produced 
a design so far out of the usual ruts and, moreover, a 
building having such delightfully clean lines. Mr. Bullen 
had commented upon the addition of cables and services 
to the building, but even these had not been able to 
spoil a really beautiful building. 

A matter which had impressed one immediately—and 
the author had drawn attention to it in the paper—was 
that of transferring the horizontal crane forces directly 
to the ground through the tapered cantilever columns. 
The ground conditions were apparently not particularly 
good, and piling was employed. He asked if the author 
could give an indication of the increased cost of founda- 
tions in order to obtain sufficiently complete fixity to the 
columns over that which would have been the case had 
portals hinged at their feet been employed. Was 
consideration given to the overall cost of the structure, 
when the cost comparison was made with the first design 
on the basis of continuous frames ? 


*Read at a meeting of the Institution of Structural Engineers at 
11 Upper Belgrave Street, London, S.W.1, on Thursday, March 27th, 
1952. Mr. Walter C. Andrews, O.B.E., M.I.C.E., President, in 
the Chair. Published in THE STRUCTURAL ENGINEER, Vol, XXX, 
No.3, P-'55- 
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It was stated in the paper that the possibility of hinged 
joints at the ground level had been investigated. It 
would seem hardly fair to claim that ‘“‘it was more 
logical to transfer the crane forces direct to the ground” 
through the columns”’ unless the ground was good for 
providing fixation. Did the author consider the alter- 
native of roof portals above the caps of the crane stan- 
chions, possibly with pin joints at the stanchion caps ? 
That alternative would appear to give a slightly lighter 
roof, perhaps 16 x 6’s throughout. A greater outward 
thrust might require to be dealt with at the outer 
columns, but crane gauge control might have a 
slightly improved. 

The articulation suggested the possibility of unequal, 
settlement, and Mr. Husband asked whether that was : 
factor which had influenced the design. If any settle- 
ment did take place, might it not lead to more crane 
gauge variation than with a rigid portal cqmnedhiie th 
crane girders ? 

The horizontal crane . forces had been concentrated on 
the two main lines of cantilever columns by the use of 
sloppy fits on the remote crane wheels. _ That suggested 
that the wear on the near crane rails would be greate 
than normal, thus decreasing their life. The fastening 
and replacement of heavy crane rails was always aml 
interesting detailing problem, and Mr. Husband wondered 
how those rails were fastened. : 

It was to be noted that the 3 in. by 3 in. billet rails in 
the longitudinal bays were tack welded to the girders. 
He understood that quite a lot of trouble had been 
experienced at one of-the New South Wales, works in) 
connection with that method of attachment, and he 
wondered whether any snags had been experienced on 
Mr. Bullen’s job. 

Reverting to the matter of the sloppy fits on one set of 
crane wheels, he wondered what allowance was mad for 
lateral crane forces being transferred through the wheel 
friction on the loose fitting side. 

In the case of the longitudinal bays, did the aathen 
consider the use of rigid frames for those single spans ? 
It appeared that the roof there was not lighter than 
would be the case with a rigid frame, since there was no 
continuity at the eaves. 

On page 61 it was stated, in reference to the transverse 
bays, that the balanced ribs consisted of one fixed apex 
and one sliding apex. Mr. Husband asked if that were 
correct and, if so, what type of sliding connection Was. 
adopted. 4 

Asking for the author’s views on provision for crane 
maintenance, he said that in the transverse bays there: 
appeared to be a reasonable walkway at crane rail level ; 
but that was not so in the longitudinal bays, where ther 
appeared to be no facilities for servicing the two 50-ton 
cranes. Inneither type of bay were arrangements sho 
for high level servicing of the cranes or the lifting tackle 
over them. Those were provisions which were becoming 
increasingly popular. 

The author had mentioned that the erection of the 
building presented rather more difficulty than usual, 
owing to the design. Mr. Husband asked if he coule 
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ive the overall cost per ton of the steelwork, including 
rection costs ? 
Did the saving in weight, as compared with a more 


“Mr. S. F, Warsurton said he had listened to Mr. 
Bullen with a great deal of interest and a desire to know 
nore, and he expressed thanks to him for all the industry 
and judicious sorting of data required to give the in- 
formation contained in the paper. 
_ The first information for which he asked was the form 
df articulation at the valley columns to prevent mament 
“carry over’’ to the rafters ; and the provision for 
servicing the cranes (1.e., lifting the crab, etc., which in 
the case of 20-ton cranes would mean handling a crab 
of (say) 44 tons.) 
_ There were two major points, which it had been 
inferred were fundamental, on which Mr. Warburton 
joined issue. : 
_ The first was the design approach, mentioned in 
Section (1), ‘‘ Transverse Bays.” The main function 
of the steel skeleton, he understood, was to accommodate 
and support the dynamic loading from the cranes and 
the jibs. How, then, could an increase of general 
iffness by fixity of eaves and valleys be the “ funda- 
mental error ’’ ? 
_ Those who had a working knowledge of the main- 
tenance of cranes on outside gantries, with every degree 
of freedom at gantry level, and of the punishing effect of 
long-armed jibs on gantry stanchions, might agree with 
his contention that maximum rigidity was essential to 
‘the well-being of a gantry building. 
‘If the total strain energy in the steel skeleton must 
al the external work done, he found it hard to believe 
t Mr. Bullen considered .successive degrees of free- 
m, with a consequent increase of stress and elasticity 
centrated at fewer points, to be fundamentally 
ect, 
The “ error,” defined by the author, of direct loading 
bending was inherent in the side stanchions of the 
msverse bays, with bracketed gantry girders. It 
eared that the author had taken the bending from 


e. 
the gantry shaft had been placed under the gantry, 
hat would have been obviated and the “ carry over ”’ 
om the side surge would have been small. 
It was possible that that arrangement was dismissed 
ecause of the small increase of floor space required by 
the stanchion, but it appeared as though the bases of the 
vo valley columns were wide in consequence. 

‘His second point concerned the “fundamental ”’ of 
sonomy. In the light of his own investigations into 
arious types of buildings with and without fixed feet, 
e doubted the author’s saving of 10 per cent. in cost 
Ver the orthodox rigid frame, due to the novelties that 
re introduced. For those comparisons Mr. War- 
irton found it essential to view the cost of steel, 
rection and foundations in total. 

It was true, he said, that fixity at the eaves and valley 
rced those points to accommodate “carry over” 
ements, but if the lowest section of the gantry stanch- 
m could be proportioned adequately, those “ carry- 
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overs "’ were rarely of an order to create problems, and 
that fixity had a definite value in rigidity of the building, 

Dr. Hendry had been at pains to show how the in- 
clusion of a haunch provided dividends out of all pro- 
portion to the initial cost. 

Again, if we assumed a@ priori that stanchions with 
“rounded ends ’”’ showed no saving in steel over stan- 
chions with fixed ends, it was pertinent to ask where the 
economy occurred. If it be in the roof, then questions 
of stress and flexibility were involved, as it was a gantry 
building with a crane gauge to maintain. 


It was also true, as the author had said, that the 
rafters were provided primarily for keeping out the 
weather. But they demanded a certain minimum 
section for deflection, and why should they not also be 
made to work for a living up to the limits they first 
required for stiffness—but in another part of their 
length ? 

To fix both ends of the rafters certainly produced 
problems in analysis, but it did not increase the total 
value of moments in the frame due to dead and super 
loads. What the author had accepted at one point, and 
provided a compound member to accommodate it, might 
be taken at several points within the compass of a 
rolled section. 

Mr. Warburton showed two slides to illustrate his 
points. SLIDE I indicated the plan and two typical 
sections of a building similar in function to that designed 
by Mr. Bullen. The -plan area was 170,000 sq. ft. 
approximately. Nearly all bays had cranes in tandem 
and in one case cranes in tiers. All stanchions were 
designed for jib loading. All members were rolled steel 
sections. 

With one main exception, there was no “ carry over ”’ 
of moment from vertical gantry and jib loads into the 
roof structure, since the bases were fixed, supported on 
piles, and gantry girders were directly over shafts. 

Only lateral live loads, therefore, affected the roof 
framing. At the instruction of the clients, the framing 
was designed for the worst combination of any loading 
without reduction in side surge loading due to cranes in 
tandem. Excluding wind forces, about go per cent. of 
the sections were within 8 tons/sq. in. in bending. 

In Mr. Warburton’s opinion, without the compensation 
of the main ties of the orthodox trusses it would have 
been an error of judgment to have introduced articula- 
tion into those frames for the saving of Io per cent. of 
steel to use Mr. Bullen’s approximation. 

SLIDE 2 was a section of the four-bay frame, chosen 
because it had fewer members to absorb any transverse 
loads and on stanchions B and C had the greatest surge 
loading acting at the highest level. 

It would be noted, as Mr. Bullen had suggested, that 
this affected all members ; but also, as Mr. Warburton 
had mentioned, the ratio of the “ carry over ’’ moments 
to the dead and super loading moments shown was very 
small. 

In the particular instance of Mr. Bullen’s design the 
ratio would have been still smaller, in view of the larger 
spans of 85 ft. 6 in. and the increased roof loading. 

The introduction of haunches at the points of rigidity 
also reduced the stresses in the members from the 
maximum shown at the theoretical intersection points. 

In conclusion, Mr. Warburton apologised for having 
occupied so much time, but said he felt that for the sake 
of all the younger designers some qualification of Mr. 
Bullen’s statement with regard to his “‘ fundamental ”’ 
design approach should be made with respect to gantry 
buildings. 

With the B.S.S. 449 rather broad guidance on gantry 
loading and its apparent blessing of high stresses for 
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them, it was well to remember that a lot had still to be 
written about dynamically-loaded structures. Many a 
maintenance engineer, worried about his cranes, little 
realised that the trouble started in their flexible gantry 
supports and girders. 


Mr. E. M. Lewis said that after a previous paper by 
Mr. Bullen he had been thanked by the author for one 
or two ideas he had put forward to do with model 
analysis. Perhaps on this occasion Mr. Bullen would 
reciprocate by answering a number of specific points 
concerning the problem of gantry crane rail fixing. 

The paper referred briefly to the use, as a rail, of 
“ Three-inch square steel billets tack welded.”’ Mr. Lewis 
assumed that in fact these were attached by pairs of 
substantial intermittent welds capable of transmitting 
the shear forces engendered by the action of the rail as 
an integral part of the top flange of the girder. 

There were a number of points about the welding down 
of such rails. 

(a) Were they rolled to special profile and if so what 
size were the “ ears’ by which they would presumably 
be welded to the flange ? 

(b) Assuming they were of a rail quality steel, what 
welding procedure was used—what type of rods, what 
current, how many passes, was a moulding block used, 
etc.? Were there any teething troubles ? 

(c) Were the billets found to be free of twist, if not 
what was done about it, or, if nothing was done, how 
much twist was found tolerable ? 


(d) If mild:steel billets were used, the welding would 
have been straightforward except perhaps for point (c) ; 
but if this was the case, what intensity of crane wheel 
pressure was worked to, i.e., what were the axle loads, 
the diameters of the crane end carriage wheels and the 
widths of the rails ? 


In the discussion Mr. Husband had queried the advis- 
ability of welding down such rails. Mr. Lewis said that 
while admittedly there had been some teething troubles 
with this relatively new method of fixing, these had by 
now been largely overcome and in his view current 
experience was indicating that welded-down rails might 
well prove to be entirely free from the chronic troubles so 
often experienced with the various forms of clip used 
hitherto. With these it was very difficult to make the 
tail work integrally with the girder flange and the 
consequent relative movement would seem almost 
inevitably to lead to a vicious cycle of wear—play—more 
Wear. 

With regard to Mr. Warburton’s comments about the 
effect of deflections of the structure on crane behaviour, 
Mr. Worthington, a colleague of Mr. Lewis’, had carried 
the work of Diamond and Frankau on the behaviour of 
cranes with taper treaded wheels, a step further. He 
had analysed the behaviour of cranes with parallel 
treaded wheels theoretically and had confirmed the work 
experimentally by means of models and also by observa- 
tion of cranes in service. Broadly, his conclusions were 
that much of the trouble due to skewing was caused by 
end long misalignment of end carriage wheels and, 
further, that this was accentuated by the presence of 
end float or “slop” of the wheels along their axles. 
Perhaps where cranes were troublesome, too much 
attention was being paid to the structure and too little 
to the cranes themselves. 

In conclusion, Mr. Lewis said he would like to mention 
one point which puzzled him in the paper. He was not 
clear what mode of buckling was referred to on page 59, 
where mention was made of the use of intermediate 
stiffeners to give additional support. 


girders the precise detail used would be quite important 


Mr. Donovan H. LEE (Member of Sony adding 
the enquiries by Mr. Lewis concerning the crane ra 
asked how the billets were machined and whether the 
were true to shape. As to the method or arrangemen 
of jointing, he asked where they joined in relation to th 
joints of the crane girders themselves. He remarkes 
that, no doubt, everyone concerned with the design » 
crane girders would agree the joint was the vital point i 
crane rails and with the rails possibly welded to bot 


Mr. M. F. Parmer (Member) commented that the shoy 
which Mr. Bullen had described and illustrated must b 
the envy of many works managers Taree ous 
country. 

He wondered whether, if a greater variety and large 
sizes of broad-flanged beam were available in this 
country, it would have assisted in the design of the jot 
and cheapened the construction. In the United State 
beams of 36 in. by 163 in. were obtainable. 

He was also interested in the statement that the 
holding-down bolts were fixed finally into position by 
templates, and he wondered whether any “ play ”’ was 
allowed. 

As to the roof glazing, it was very interesting indeed 
to read the author’s comments that the “ pepper-pot 7 
form of lighting showed no advantage in tall building: 
such as these. He much preferred the appearance oi 
straight runs of glass for this type of shop. 

Where there were a number of bays—in that case 
four—running parallel with each other and connec ed 
to the same stanchions, it was necessary to be quite 
sure of the foundations, because if there were any 
possibility of some of the stanchions getting out oi 

“plumb,” the crane tracks would become out of align 
ment and the trouble was liable to extend right across 
the four bays. This might then be very troublesome te 
correct. 

Finally, Mr. Palmer pointed to the heating of the sho 
and suggested that a few details on that matter would 
be useful and interesting. i 

Mr. E. G. CLARK (Member) .added information co “ 
cerning the fabrication and erection of the structures 
described, particularly in regard to some of the difficulties 
which ‘were encountered and overcome. 

First, he believed all were agreed that the design’ was 
unusual, particularly from the point of view of 
number of pin joints. The contractors had appreciated : 
this from the start, but certain erection difficulties 
arising from the nature of the design, had to be overcome 
during the progress of the erection. "1 

The fabrication of the job did not present particulas 
difficulties from the fabricator’s point of view. The 
sizes of the pieces were governed primarily by transport 
arrangements and provision for access to the site. Ir 
the first place it was intended to transport the large 
22-ton plated crane girders, which were about 85 ft. long 
in three pieces, because there had been some doubt as te 
whether they could be delivered to the site in one piece’ 
Finally, however, it was found that complete girder 
could be taken on to the job, and the three pieces w 
welded together in the fabricator’s shops before being 
taken to the site. , 

The method of erection, disposition of cranes, an 
general procedure at site were the responsibility of t 
steelwork contractor. : 

In the course of fixing the steelwork in the Nort 
High Bay building, the first problem encountered wa 
the spread of the intermediate rafters. There was 
system of channel bracing in the pie of the roof 
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s the erection of the intermediate rafters proceeded. 
‘his was found to be unsatisfactory, as, due to the 
pread of the rafters, it was necessary to lift and support 
he rafters in order to insert the bracing. In subsequent 
Jays a substantial temporary tie was introduced to hold 
he ribs in position until the bracing was erected. 

These ties were then removed and re-used in the 
ollowing bays. 

_ Another major problem was the treatment of the 
iorizontal forces in the main longitudinal high bay 
yuildings. These horizontal forces, which Mr. Bullen 
iad mentioned in the paper, were taken up in a system 
yt bracing on the low bay buildings. This raised the 
juestion of the stability of the high bay building until 
the low bay buildings were partially erected and the 
dracing put in. They had considered the problem at 
the time of the erection of the North High Bay. The 
day was not sheeted at that stage, so that it was not 
feceiving the wind forces that it would eventually 
feceive, and it had also the support of the services 
building at the back of the high bay ; thus it was 
| riper whether it was necessary to stay the 
building until the work of erecting the low bay buildings 
was in progress. However, to ensure the safety of the 
structure steel wire guys were introduced temporarily 
to stay the high bay building until the erection of the 
low bay buildings had proceeded. The guys in the 
high bay building were introduced at each column from 
the eaves level to the ground. 

» There was no doubt that anyone who went into the 
finished factory would appreciate that it reflected great 
eredit on Mr, Bullen, Mr. Hargreaves and all who had 
anything to do with the original conception of it. 

__ In reference to the crane girders which projected from 
he low bay building into the high bays, Mr. Clark 
ondered whether Mr. Hargreaves had found, in 
ration, that the projection of the girders into the 
igh bay was in the nature of an obstruction to the 
peration of the high bay cranes, moving materials in 
at bay. 

Finally, he was very interested to note the two 
references in the paper to the low average price of the 
‘Steelwork. He would make no comment on that. 


Mr. O. Bonpy (Member) said that on reading the 
rt he was impressed by two aspects particularly, 
by the unusual type of design based on articulation, 
secondly, by the extremely frank way in which 
Bullen had discussed his difficulties as the designer. 
t frankness would be appreciated by his audience ; 
heard and read descriptions of important and un- 
ortant buildings from time to time, but we did not 
ays hear much about the difficulties that arose and 
ow they were overcome. 

' One of the problems was in connection with the 
sparate roof girders and the separate rigid columns, as 
mmpared with the continuous rigid frame design. He, 
too, could not help feeling that the ‘‘ fundamental 
tror ’’—those were words which Mr. Bullen had used 
| the paper—in transmitting the horizontal forces 
ough the rafters was not an error after all. It was 
he of the outstanding recent tendencies in steel con- 
fuction and also in concrete construction, to make use of: 
mtinuity. What the younger generation of designers 
eeded most was to become thoroughly acquainted with 
e advantages of continuous design, especially in steel- 
ork, in order to save steel and to reduce total cost. 
soming to the reference, on page 58, to the economy 
the sizes of the roof rafters and to a form of double 
mtilever construction, Mr. Bondy asked whether the 


a the first bays, an attempt was made to fix this bracing. . 
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saving was not balanced by additional cost of excavation 
and foundations for the cantilever columns. 

On the large crane girders the top flanges were 36 in. 
wide and 24 in. thick. He asked whether they were of 
uniform thickness over 85 ft. length. 

As to the crane rails, of 3 in. square billets, tack 
welded to the top flanges of the girders, he said they 
would take some share of the bending moments. In 
one other case at least the effect of the crane rails had 
been neglected in the design of gantry girders, and 
according to calculations he had made, the loss in 
economy was well above Io per cent. 

In adding his thanks to Mr. Bullen, Mr. Bondy said 
that one admired the way in which he had repeatedly 
brought his experience before the Institution, and one 
was grateful to him. 


Mr. F. M. Bowen (Member), referring to the roof of 
the building, said that the model showed how closely 
the series of low-pitched bays approximated to a flat 
roof and, in view of the large surface area, he wondered 
whether or not wind drag had had any appreciable effect 
on the sizing of the members. This appeared to be a 
case where it might have done so. 

He was interested to know that the holding down 
bolts had been pre-fixed in position because he had used 
this method himself and believed that, for certain jobs 
at least, it had advantages over the “ traditional ”’ 
method of grouting in anchor bolts after the steelwork 
had been erected. He wondered whether Mr. Bullen 
had had any difficulty in persuading the contractors to 
employ the former method and whether it had caused 
any difficulty in practice. His own experience had been 
that after specifying it and making clear that no variation 
to post-grouting would be permitted, there had been no 
trouble. 

Another common practice in connection with stanchion 
foundations that merited attention was that of filling with 
liquid grout the space between the underside of the base- 
plate and the top of the concrete foundation. The use 
of grout, to his mind, was somewhat illogical because 
it was putting a comparatively weak material in the very 
position where the pressure was a maximum and also 
where shrinkage was least desirable. Some years ago 
he had seen a baseplate cut back to the stanchion face ; 
the grout underneath was found to be cracked though 
otherwise apparently well done, yet pieces could be 
pulled out quite easily from underneath the base, thus 
indicating that one could not be certain of achieving a 
really solid bearing over the whole area of the base. He 
personally much preferred to use a fine dry concrete 
backing rammed in under the base from opposite sides. 

Reverting to the building itself, Mr. Bowen supported 
Mr. Husband’s remarks about its appearance. The 
framework did indeed appear to be a fine example of 
modern structural steelwork. In association with the 
appearance, he had noticed from Mr. Bullen’s illustra- 
tions that the painting seemed to be of a peculiarly light 
and pleasing nature, and, in view of the fact that there 
was an industrial consultant on the job, he wondered 
if the practice (which was becoming more common) of 
paying particular attention to the correlation of colours 
in painting the several parts of the structure and its 
contents, had. been applied. In view of the claims 
made elsewhere that such a painting system stimulated 
production to a useful extent, this was a subject which 
would appear to be worthy of further attention by 
structural engineers. 


Mr. R. R. GARDNER (Member) said the original scheme, 
if he remembered aright, was for one bay to be of 
‘“Clerestory”’ design for the first shop. That would 
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obviously have meant the use of much more steel in the 
roof. Later, however, Mr. Bullen had come in as 
consultant, and the finished structure, in Mr. Gardner’s 
opinion, was a much better job. 

Commenting that the problem of the jib cranes on the 
stanchions had perhaps been a little over-stressed, he 
said the cranes were hand-operated and _ usually 


employed in fabrication, for lifting plates, and so on, to | 


the machines, and the loading was usually very light, for 
otherwise the men would not be able to handle the loads. 
He believed the attachment to the stanchions was quite 
common practice. The whole structural layout was of 
first-class design. 


Mr. T. K. HARGREAVES said that the structure 
described had been in use now for about nine months 
and had proved thoroughly satisfactory. Early in the 
paper it was stated that the company wanted the most 
modern type of building. This was not just for the sake 
of modernity but because they considered that a modern 
welded structure would be the most economical type. 
This they felt had been confirmed in practice. 

Referring to comments made on the design of the 
crane beams, with regard to the maintenance of cranes, 
he said that there had been a few small troubles to start 
with, but these had been simply overcome and he did 
not anticipate any difficulties in the future. 


Mr. F. R. BuLLEN, replying to some of the points in 
the discussion, said he would like to reply to the remain- 
der in writing ; the time was late and the questions were 
many. 

Two speakers at least had referred to the effect of 
transferring the horizontal loads to the columns and had 
enquired whether the economies achieved in the steel- 
work had been at the expense of the foundations. That 
was a very good point, and it served to emphasise that 


economy of building construction could not be described © 


in terms of one part of the structure alone ; it must 
cover the economy of the building asa whole. He would 
not like to say at the moment whether there was any 
extra cost in the foundations by reason of the economy 
achieved in the steelwork, but he rather thought there 
was not. He had gained the impression at the time the 
structure was being designed that the approach taken 
was the most economical, especially in view of the fairly 
bad ground conditions with which they were faced. He 
believed the design adopted was found to be the most 
economical, having regard to the foundations as well as 
to the superstructure ; but he would look into the matter 
and try to give a fuller answer in writing. 

Portals above crane level were not considered. That 
question rather struck at the whole basis of the scheme ; 
they had tried to do away with portals, believing that 
their elimination was a contribution to economy. 

He did not know of any troubles on account of the 
crane gauge. There had been a little trouble when the 
roof sheeting was put on, for it had tended to press the 
external hinged columns outwards, and it was necessary 
to unbolt and re-fix the crane beam inwards to take up 
that movement of the structure. It was only a question 
of introducing packing between the stiffeners and 
columns. There had been movement since, but it was 
not appreciable. 

No account was taken of the friction between the 
crane wheels and rails ; it was assumed that, by reason 
of the so-called sloppy fit, the horizontal forces were 
taken to the main columns. 

The crane rails were just welded to the girders ; they 
were intermittently welded. 

No tests had been carried out on crane surge. There 


were many people about, and tests were not very welcome | 


usually. 


also. Whilst one did not wish to depreciate the theoreti 


high bays where the high bay cranes could service them ; 
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In Feats to Mr. Warburton about the form of articula- 
tion to prevent “ carry over,” he said they had tried to 
avoid those things ; they had tried to design on practical 
lines. Perhaps that answered Mr. Bondy’s question 


cal treatment, perhaps he might repeat that economy 
did not always come from. finesse in design so much as 
from the careful arrangement of members. q 


Coming to the point made by Mr. Warburton by 
means of his slides illustrating the buildings he had had 
to deal with, Mr. Bullen said that in the case of the 
building described in the paper they were faced originally 
with those high and low bays; but Mr. Hargreaves was 
very helpful and at Mr. Bullen’s request the bays had 
been altered to be the same height. He believed that 
was really the answer ! 

There was no provision for servicing cranes, apart from 
providing access gangways at all points. As to the 
provision of more joists, presumably somewhere up in 
the roof, the low-bay cranes could be run out to the 


but he was not quite sure about the high bays. 


After indicating that he would try to answer ; 
Warburton’s more technical points in writing, he said 
Mr. Lewis always asked difficult questions. The 3 in. 
square billets were of mild steel and there was nothing 
special about them ; they were welded intermittently 
at 18 in. centres. They were not allowed for in the 
moment of inertia of, the beams; they might not 
there at some time. However, he was. very glad t 
hear that Mr. Lewis considered welding to the girders to 
be the best practice, and he agreed. 


Dealing with the stiffeners to the crane girders, he 
said the main stiffeners were at about 4 ft. 6 in. centres _ 
but towards the centre of the span it was thought that 
the compression flanges were getting a little slight, anc 
small triangular stiffeners had been introduced betwee 
the main stiffeners. ; 


He agreed very much with Mr. Lewis’ remarks con- 
cerning the mis-alignment of crane tracks; and he would 
not be surprised if we needed to give a little more 
attention to the design of cranes rather than to the 
design of buildings. The point was a good one, but 
perhaps he had better not say more about it. 

He did not remember exactly the method of jointian 
the billets, but he believed they were just butted on the 
tops of the girders at their ends. The billets were kept 
short at the ends by 1 ft. or g in., and then a short piece 
was put in between the ends of the two billets, over- 
lapping or running over the joints in the girders. The 
short pieces could be taken out and replaced if necessary. 
They were welded to the girders throughout. 


Thanking Mr. Palmer for his comments, Mr. Bullen 
said he liked very much broad flanged beams, and he would 
like to see as many of them and as many varieties of 
them as possible readily available. Continuing, he said 
that certainly he had designed the holding-down bolts, 
but had not specified any particular method of fixing 
and installing them ; the method adopted was due 
entirely to the contractors, and it had worked extra: 
ordinarily well. 

There was some play in the holes before tightening up 
and grouting ; otherwise, the templates were cae 
replicas of the column bases. 

Mr. Bullen agreed with Mr. Palmer that the “ pepper- 


’ box” form of roof lighting was not necessary in a tall 


building. 


The foundations were on piles. We did not know a 
great deal about piles, but perhaps we knew a little more 
about them than about the earth into which the p 
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were driven. However, there had been no troubles so 
far. * 
_ As to the “ carry-over ’’ and the number of pins, each 
pin consisted of a piece of round rod which was laid in 
between two semi-circular grooves in the faces of the 
plates. The clearance between the faces was filled in 
with mastic at ground level ; up above this was not 
thought necessary. As far as he could tell, there was 
flexing ; the movement experienced when the roof 
‘sheeting was put on had indicated that that was so. 
_ Referring to his model to illustrate an important 
‘feature of the structure, Mr. Bullen pointed to the over- 
hanging arms in the middle bays, and said that if the 
centre row of stanchions were taken down, the building 
would remain stable ; but the cranes could not run 
through the two middle bays, of course !! He suggested 
that anyone who wanted to build a garage, a warehouse, 
an arena, a cinema, or similar building, could use that 
form of construction, which gave about 175 ft. span. 
(Mr. Bullen had the centre row of stanchions in the 
model taken down, to illustrate the flexibility of the 
design.) : 
The PRESIDENT thanked Mr. Bullen for his handling 
of the discussion. 


Written Contribution 


Mr. R. P. Key writes : I would like to support the 
view expressed by Mr. Bullen during the discussion that 
we should not forget that engineering is an art as well as 
‘ascience. The purely theoretical approach can lead to 
over-emphasis on the less important features of struc- 
tures and standardisation can retard future progress by 
‘establishing practices so rigid that future progress is 
‘Made more difficult. This outlook on_ progress is 
- exemplified by the sequence of thought which led to the 
overall layout of the new factory. 

- To supply the structural steel designer, the architect, 
and the sub-contractors with the layout shape, the main 
dimensions, the crane loadings, etc. of the proposed 
‘factory, some twelve months’ investigation work was 
‘Tequired. \. 

The terms of reference could be only of a vague nature, 
“and included directions that the company’s products 
“would become larger, heavier, of better quality, more 
“complicated and of increasing variety. In addition to 
the future developments of the products, it was con- 
‘sidered that the rate of obsolescence of process methods 
_and of process machinery would be higher than in the 
“past, but just on what and by how much could not be 


“answered completely by the purely scientific approach. ° 


_It was possible, of course, to define a fairly accurate 
“production programme for the next two or three years, 
-and to lay out on paper, and to plan with models, 
yperation sequences, work-in-progress areas, and so on. 
Associated with these estimates some 30 to 40 schemes 
ind layout arrangements were drawn, and considered, 
but all through this’ work questions arose about the 
position ten, fifteen and twenty years hence. 
_ Finally, it was decided to have a layout which would 
allow the movement of heavy engineering products, 
when in the sub-assembled state, from any point in the 
factory to any other point, by overhead cranes. Many 
questions, such as the number of cranes in each bay, 
re answered with this object in view. Also, it was 
ided to arrange that the flow of work and process 
“Machinery could be changed with a minimum of cost, and 
Without affecting the material movement facilities, 
These decisions, together with the need of a factory plan 
Which could be expanded in a logical way led to the 
resent layout. ~« 
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In comparing Mr. Bullen’s steelwork design with 
that of other factories, or with other designs, it is 
important to bear in mind that the main steelwork 
should be viewed as part of a large machine designed 
primarily for material movement and with a number of 
special features, including provision for future extensions 
in a pre-arranged manner. 

Mr. Bullen has provided a design which should require 
low maintenance, and it is clear that he has recognised 
that the cost of sub-assembly fabrication and erection 
should be considered along with steel material savings. 


Written Reply by the Author to Sundry Questions 


There is no doubt but that the unusual character of 
this design has given rise to plenty of questions. I am 
glad to notice that these questions have been directéd 
towards the economy of structural design and it is 
particularly gratifying to find that the design of the 
foundations is regarded by other engineers also as part 
of the design of the whole structure. On more than one 
occasion J have made the point that it is impossible to 
design economically unless the whole structure is taken 
into account. Several speakers at the discussion raised 
this question, and I think it would be a fair statement 
that the Io per cent. saving in steel weight achieved on 
the transverse bays was probably offset by a slight 
increase in weight of steel for the foundations, but this 
increase would be no more than 24 per cent. The saving 
in cost was much greater than Io per cent. and there is 
no doubt that even allowing for a slight increase in the 
cost of the foundations, the final saving in cost was still 
much more than Io per cent. 

I am grateful for the suggestion made by Mr. Husband 
that the roof members might have been treated as portal 
frames from crane rail level upwards, but I do not know 
whether this would have made it possible to use rolled 
sections throughout ; I rather think this would not have 
been so as some appreciable sections would have. been 
required at all the gutter levels. 

Mr. Warburton’s suggestion that the stanchions might 
have been placed under the crane beams on the external 
columns is a very good suggestion } it would have 
involved perhaps a somewhat unusual arrangement at 
the top section of the column, but, as he said, might 
have led to a further improvement in the general design, 
With such an arrangement, of course, the columns would 
have encroached more upon the floor space, but this 
would not have mattered very much. On the other 
hand, had some similar arrangement been adopted for 
the internal columns, the more normal braced composite 
columns would have resulted and the clean arrangement 
and lines of the building as designed would not have 
been achieved. 

Regarding the general proposition put forward by 
several speakers, namely, that the total strain energy 
of the structure must be equal to the external work done, 
whilst I cannot disagree with that as a theoretical pro- 
position, I do say again that economy comes more by a 
careful arrangement of members than by finesse in detail 
design. Futhermore, economy also comes by the use of 
members readily obtainable such as rolled steel sections, 
and any arrangement of a structure which makes use of 
rolled sections will probably result in ultimate economy. 
It would be fair to say that if rigidity had been utilised 
at all the joints then difficult rigid connections would 
have been necessary ; as Mr. Warburton rightly says, 
Dr. Hendry has been at great pains to show that haunches 
provide dividends out of all proportion to their cost, but 
it must not be overlooked that haunches at the tops of 
the columns would have made it necessary to raise the 
roofs to obtain the necessary crane clearances. 
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Reverting to the questions of foundations, the con- 
ditions at this site were such that piles were necessary ; 
consequently, the addition of a few extra piles at appro- 
priate points to withstand moments involved relatively 
little additional cost. On the other hand, had the 
ground been such as to make piling unnecessary, then 
there might well have been sound arguments in favour 
of making the superstructure continuous but supported 
on pins, since it is very difficult to achieve a reliable 
degree of fixity in columns founded upon yielding ground. 
Thus, once again, it may be emphasised that the design 
of the superstructure is closely bound up with the design 
of the foundations. The sliding joints referred to by 
Mr. Husband were so arranged as to cause the 16 x 6 
joist rafters to slide upwards as the built-up welded 
rafters deflected ; thus, at the two internal ridges flexi- 
bility of structure was achieved, and the continuous 
rafters were free to deflect without introducing serious 
movements on the remaining rafters. 


Institution Notices 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, June 26th, 1952, at 
5.55 p.m. Mr. Walter C. Andrews, O.B.E., M.I.C.E., 
M.I.Struct.E. (President), in the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections as tabulated below should be referred to when 
consulting the Year Book for evidence of membership ? 


STUDENTS 


ALLMAN, Laurence Mills, of Johannesburg, South Africa. 
BaraaM, David John, of Harrow, Middlesex. 
Bartow, Eric, of Stockport, Cheshire. 

BaTEMAN, Douglas James, of Chessington, Surrey. 
BuT Ler, Alan, of Manchester. 

Cox, Bruce Albert, of London. 

CUMBERLIDGE, Philip, of Macclesfield. 

Der PENNING, Jean Charles, of London. 
Epwarps, John William, of Stanmore, Middlesex. 
Fisk, Roy Terence, of London. 

Forty, Eric John, of Johannesburg, South Africa. 
Fya.L, Gordon Bryan, of Johannesburg, South Africa. 
GEDDES, Brian Sydney, of Manchester. 

GIRLING, John Marcus, of Ashford, Middlesex. 
Hewirt, Eric, of Warrington, Lancs. 

Hopkin, Elwyn Edward, of Bridgend, Glam. 
Hucues, Glyn, of Hereford. 

Hunt, Henry William, of Thornton Heath, Surrey. 
Jackson, Norman, of Sheffield. 

KENNY, Alphonsus Jerome, of Wallasey, Cheshire. 
McKenzie, Alexander Stewart, of Salford, Lancs. 
MILLIGAN, William Ramsay, of Manchester. 
Munscu, Anthony Mark, of Brighton. 

Noronua, Alan Demonte, of Mombasa, Kenya. 
NvuTTALL, Peter, of Southall, Middlesex. 


‘Ocitvie, David George, of Stockport, Cheshire. 


Parry, Robert Tudor, of Eastham, Cheshire. 
READER, David, of Ilford, Essex. 

RUTHERFORD, Michael William, of Mombasa, Kenya. 
SMITH, Roy, of Todmorden, Lancs. 

THompson, Gordon, of Manchester. 

Tietz, Stefan Berthold, of London. 

Wayjpowicz, Pawel, of London. 

WASDELL, Edwin John, of Sutton Coldfield. 
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In reply to Mr. Lewis’s questions about the crane 
rails, these were normal 3 x 3 billets of mild steel and 
they had no “ ears’’ by means of which they could bal 
welded to the flanges. The intensity of crane wheel 
pressure could be worked out from the fact that the re-. 
action on the wheels was taken as 20 tons exclusive of ¢ 
impact, the diameter of the wheels was 24 inches an 
the width of the Ayheels was 3 in., the wheels having ~ 
double flanges. 


I am very grateful to Mr. Bondy for his remarks, but 
I think I have dealt already with his reference to con-— 
tinuous structures. I fully appreciate Mr. Bondy’s and 
other speakers’ remarks but we require not only to™ 
achieve economy of steel but also economy of cost, and 
it is questionable whether a fully continuous structure 
is always as economical as a discontinuous one. : 


The top flanges of the large crane girders were 2} in, 
thick throughout. 
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JONES, Kenneth William, of Treorchy, Glam. 

Kay, Marzell, of Leamington Spa. 

KHAROTE, Narahar Vishnu, of Poona, India. 

KIRKPATRICK, Peter Robert Johnston, of Newcastle- 
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LONGLEY, Geoffrey Wray, of Johannesburg, 
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MANN, Ronald Henry, of Nottingham. 


Mitxar, William Donald, of Risley, Lancs. 
Muir, Ian Stanley, of Newcastle-upon-Tyne. 
Munnincs, John Arthur, of Enfield, Middlesex. 
Murray, Robert Carr, of Billingham, Co. Durham. 
NaYLor, Gerald Wilfrid, of Harpenden, Herts. 
Newsome, Arthur Sheard, of Whitley Bay, Northum- 
berland. 
Piatt, Derek William, of Purbrook, Hehe 
PowELL, Richard Thomas, of Cardiff. 
RICHARDSON, Ronald Edward, of London. 
Rippick, Alan Moir, of London. 
Rowe, Peter Walter, of Manchester. 
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SwitH, Reginald George, of Edinburgh. 

SRINIVASAN, Kannurpatti Venkataramanan, of Bombay, 
India, Tue? FES 
SUMMERSCALES, Walter Keith, of Halifax. 

|TinsLeY, Peter Hugh, of Risley, Lancs. 

me orcs, Edwin Arthur, of Manchester. 


Dixon, Benjamin Joseph, of Dublin. 


MEMBER 


Post TRANSFERS 


he * Students to Graduates 


Corser, Thomas Herbert, of Manchester. 
Jarvis, Anthony Peter, of London. 

‘Leacu, Alan Brickett, of Watford, Herts. 
/McGrecor, David Hugh, of Manchester. 
ORRELL, Harold, of Bolton, Lancs. 
‘Pozzo, Lucian Mario Paolo, of London. 

| SMITH, Peter Frederick, of Manchester. 
/WALMSLEY, Joseph Roy, of Bolton, Lancs. 
WILMAN, David Richard, of Belvedere, Kent. 


_ ~~ Graduates to Assoctate-Members 
‘Bone, Arthur, of Middlesbrough. 
‘Bowman, Arnold, of Billingham, Co. Durham. 
BUNCE, John Wallace, of London. 
SunvDLo, Harald, of Karachi, Pakistan. 
oe, Otto George, of London. 
.-% 
a Associate Members to Members 
Cosway, Donald Henry, of Orpington, Kent. 
‘DESHPANDE, Chintaman Vishnu, of Bombay, India. 
‘PAREBROTHER, James Edward Charles, of Ewell, Surrey. 
IENDERSON, John William, of Hemel Hempstead. 
1ouGcH, Norman Edward, of London. 
NES, Owen William, of Derby. 
‘Mason, Alexander, of Edinburgh. 
‘Peatrietp, Alfred Edgar, of London. 

VatiAce, Charles Ross, of Edinburgh. 


Member to Retired Member 
L MLTON-CoLe, Frederick, of Bulawayo. 


RE-ADMISSIONS 


ie Assoctate-M embership 
‘Croucn, Reginald Henry, of Kenton, Middlesex. 
HPHRAUMS, Frederick Thomas, of Singapore. 
MILNE, James Young, of Newbury, Berks. 


a OBITUARY 


Clare RunpLETT (Member), Walter Albert ScotT 
etired Member), and Derrick Dudley Rose (Associate- 
ember). ‘ 


RESIGNATIONS 


"Notification was given that the Council had accepted 
vith regret the resignations of William Henry JOHNSON 
Member) and John SuHarpio (Graduate). 


EXAMINATIONS—JANUARY, 1953 


‘The Examinations of the Institution will next be held 
t centres in the United Kingdom and overseas on 
anuary 6th and 7th, 1953 (Graduateship) and January 
h and gth (Associate-Membership). . 


The Council regret to announce the deaths of Leslie . 
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REPRESENTATION 


The Council have re-appointed the following members 
to be the Institution’s representatives on the Joint 
Committee on Materials and their Testing :— 

Mr. W. H. Woodcock (Hon. Editor). 


DEPUTY 
Mr. Ewart S. Andrews (Past-President). 


PERSONAL 


Professor W. T. Marshall (Member) has been appointed 
Regius Professor of Civil Engineering in the University 
of Glasgow. : ; 


* * * 


Mr. J. L. Wheeler (Member) announces that he has 
taken his Senior Assistant, Mr. Arthur H. Jupp, D.F.C. 
(Associate-Member) into partnership. The business will 
be carried on under the title of J. L. Wheeler & Jupp at 
Empire House, St. Martins-le-Grand, E.C.1. 


* * * 


Mr. W. A. Mitchell (Member) has set up in practice as 
a Consulting Engineer at 81, Chester Square, London, 
S.W.1. 


* * * 


Mr. J. R. Hill (Associate-Member) has retired from 
the Ministry of Transport and has taken up an appoint- 
ment with the Air Ministry as Section Officer, Air 
Ministry Directorate-General of Works, R.A.F. Station, 
Andover, Hants. 

s * * * 


Mr. A. E. Peatfield (Associate-Member) has been 
appointed Standards Engineer to the Anglo-Iranian 
Oil Company, Ltd. 


RESEARCH AWARDS 


The Council have instituted a Research Prize Fund, 
from which awards may be made annually to the author 
or joint authors of papers describing original research 
which they have carried out. Research awards may 
be made for papers read at Headquarters or in the 
Branches and published in the Journal, or for papers 
published in the Journal only without being read at an 
open meeting. 

The assessment for such awards will be made annually, 
but awards will be made only to the contributors of such 
papers as reach a standard judged by the Literature 
Committee to be satisfactory. 

Work submitted under this scheme must be original 
and may include any of the following :— 

(a) investigations of an experimental or analytical 
character ; 

(b) studies of historical or statistical records ; 

‘(c) improvements in principles or methods of con- 
struction ; 

(d) research into methods of structural engineering 
and building, the nature and use of plant and the 
organisation of engineering work ; 

(e) any related or combined studies which are deemed 
by the Literature Committee to be of a research 
character. 

In cases where the research work described in the 
paper was not the work of one individual, the names of 
all the collaborators should be given in the paper. 

Awards may take any or all of the following forms :— 
A research medal ; a diploma ; a money prize. 

Application for consideration for a research award 
must be made to the Secretary of the Institution, and in 
preparing papers for reproduction in the Journal, authors 
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must comply with the conditions laid down for all such 
contributions. Particulars of these conditions may be 
obtained from the Secretary. 

In judging research papers, the following factors will 
be considered :— 

(a) the nature of the subject and its conclusions ; 

(b) the value of the paper in advancing the science 
and art of structural engineering ; 

(c) the standard of preparation and orderly arrange- 
ment of the subject-matter. 

Research papers will also be eligible for adjudication 
for the Institution Medals if they comply with the 
Regulations governing those awards. 

The closing date for the receipt of applications in 
respect of papers published in the Journal between 
October, 1951, and September, 1952, is October 31st, 
1952. 

COMMUNICATIONS TO MEMBERS 


The Institution is experiencing difficulty in receiving 
replies to communications addressed to the undernoted 
members, and the Secretary would be glad to be notified 
of their present addresses as soon as possible :— 

A. CoLE (Member). 
Pe geen } (Associate-Members) 
DD Jo CiLese 
ABDUR-RAHIM KHAN rere cee: 
S. PANCHANATHAN =} 


ADDITIONS TO THE LIBRARY 


The following volumes have been presented by 

Major C. G. J. Lynam :— 

The Modern Bricklayer, Vols. I, 11 and III. 
(undated). 

The Modern Practical Plumber, Vols. I, II and III. 
London (undated). 

The Modern Plumher and Sanitary Engineer, Vols. 1, 
3, 4, 5 and 6. London, 1912. 

Standard Methods for the Testing and Analysis of Cements. 
G. & T. Earle, Ltd., rgor. 

American Concrete Institute Proceedings, 1922, 1924, 
1925, 1926, 1927, 1928 and 1929. 

Canadian Engineer, 1922-23. 

Concrete, 1917-23 and 1925. 

Concrete and Constructional Engineering, 1917, 1918 and 
IgI9Q. 

Electrical Review, 1919. 

Engineering and ‘Contracting, 1g18-1g and 1922-24. 

Engineering News Record, 1917-19, Gre and 1923. 

General Electric Review, 919. 

Gente Civil, 1918-19. 

Municipal Engineerin 

Surveyor, 1913-14. 


London 
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ANNUAL DINNER 
The Annual Dinner of the Institution will be held on 
Thursday, October 2nd, 1952, at the Dorchester Hotel, 
London, W.1, at 7 o’clock for 7.30 p.m., when the 
Principal Guest will be the Rt. Hon. Lord Woolton, 
C.H., Lord President of the Council. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


The next meeting will take place on Saturday, August 
23rd, when a visit has been arranged to the Coryton 
Oil Refinery. A coach will leave 11, Upper Belgrave 
Street, S.W.x, at 9 a.m., and will return from Coryton 
at I2 noon, arriving in London about 1 p-m. The fare 
will be about five shillings. 

A visit is being arranged to the Steel Mills of Messrs. 
Dorman Long & Co., Ltd., at Middlesbrough. The 


' visit the mills on the roth and return on Saturday, 


P.O. Box 1692, Cape Town. q 


Pee ete, ue 4 Cn) ee ee 
em rs “ca i e 7 
BSD ease oa et 


‘ The Structural Engi cal 
\ " 


party will leave London on Thursday night, October th, 


October rith. All meals and accommodation will be 
arranged, but the names of those wishing to attend 
must be sent in at once as the number of seats available 
is limited. ‘ 

Hon. Secretary : C. Allen Browne, 43, Coolgardie 
Avenue, Highams Park, London, E.4. 


BRANCH NOTICES 


LANCASHIRE AND CHESHIRE BRANCH | 4 
Hon. Secretary: A. S. Sinclair, A.M.LStruct.k 
28, Kenwood Road, Stretford, Lancs. a 


MIDLAND COUNTIES BRANCH 


Hon. Secreiary2: SEO URY. “Deeley, A.M.LStruct.E., 
Arranmoor, Adshead Road, Dudley, Worcs. 1 


GRADUATES’ AND STUDENTS’ SECTION 


Hon. Secretary : M. H. Evans, B.Sc., 1074, Metchley 
Lane, Harborne, Birmingham, 17. 


NORTHERN COUNTIES BRANCH g 


Hon. Secretary ; Yan MacGregor, M.I.Struct.E., Messrs. 
H. Pickup, Ltd., Roscoe Street, Scarborough. 


_.NORTHERN IRELAND BRANCH 

Hon. Secretary : S:, G. Duckworth, M.L.Struct.E., 

“ Lisleen,” 13 Finaghy Road North, Belfast, Northe 
Ireland. 4 


' SCOTTISH BRANCH . : 

Hon. Secretary: D. G. Drummond, B.Sc., M.I. 
Struct.E., A.M.I.C.E., 11, Woodside Terrace, Glasgow, 
Crt: 
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SOUTH-WESTERN COUNTIES BRANCH ; 

Hon. Secretary : E. W. Howells, M.I.Struct.E., clo. 
Messrs. T. Harding & Sons, Ltd., 10-12, Market Street, 
Torquay, Devon. | 
“ 
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WALES AND MONMOUTHSHIRE BRANCH 


Hon. Secretary: G. RR. Brueton, AMLCE,,. 
A.M.1.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. | 
WESTERN COUNTIES BRANCH : 3 

Hon. Secretary: €. FE. Saunders, M. L.Struct.E. RS 


Dunkery, Edward Road, Walton St. pees Cleuedaa 
Somerset. 


YORKSHIRE BRANCH 


Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 

The Johannesburg section of the Branch had a most 
enjoyable evening on April 1st, when Mr. L. E. Scott 
White (Past-President) gave a talk on the Re- = 
of an Historical Building in Whitehall. 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I. CES 
A.M.I.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted in the City En-_ 
gineer’s Department, City Hall, Johannesburg. ‘Phong 
34-1111, Ext. 257. 

Natal Section Hon. Secretary: -E. G. Bennett : 
A.M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O. 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.I. Struct E. 4 
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1. The evolution of steel construction, like any 
volution, displays external and internal characteristics. 
he external characteristics are nearly always more 
vident, and can thus be more easily recognised than the 
iternal ones. On the other hand, it is very often only 
fe internal or intellectual characteristics that make 
volution possible. In steel construction particularly, 
he external evolution and the great progress made 
uring the last 100 years would not have been possible 
without the evolution of the corresponding scientific 
iases. ; 

On the following pages, I shall try to show some of the 
haracteristic trends of medern steel construction. I 
ropose to start with the consideration of some external 
hharacteristics, and we shall very soon see that the 
mternal characteristics are in very close connection with 
heoretical reasonings, which are most important for the 
wrogress of the art. 


2. Among the external characteristics that are most 
vident when making a comparison between important 
iteel constructions built at different times, mention 


ittainable span length, the simplification of structural 
forms, and the introduction of a new connecting means, 
.e. the welding technique ; these are in my opinion the 
nost important ones. 


' The limit of 1,000 m, or about 3,300 ft., for a single 
span has been exceeded by a steel bridge of our times. 
Such span lengths thus form a characteristic of modern 
bridge building. I would here confine myself to a short 
tomparison of the most important suspension bridges. 
vhich have been erected (Fig. 1). The conception of 
theoretical weight, given by the author in his paper at 
the 1948 Congress of the International Association for 
idge and Structural Engineering,’ shows the con- 
nection between the load and the dead weight of a 
structure in a very simple form for any given system and 
any given material. For each system and for each 
material there is a certain limiting span which cannot be 
exceeded. Starting from this limiting span, we can 


Paes 


Span, for which the amount of material involved is at the 
limit of sound relation to the live load. For suspension 
bridges and other material which is used to-day for this 
stem (high-tensile steel wire), we can show that the 
pension bridges built up to now have not yet reached 
s economical span limit, and it will be possible, 
onomically and without exceeding technical diffi- 
alties, to build suspension bridges with still greater 
It has been confirmed in the meantime by the 
ign of a suspension bridge of more than 1,500 m or 
00 ft. span, proposed by Dr. Steinman for a bridge 
cross the Straits of Messina. We can thus see that 


ecture delivered on the 14th September, 1951, before the British 
b of the International Association for Bridge and Structural 
ineering at the Institution of Structural Engineers, 11 Upper 
ve Street, London, S.W.1. ' 


Stiissi : ‘‘ Theoretical weight as the basis for selecting a type of 
i International Association for Bridge and Structural 
eeving, Third Congress, Liege, 1948, Final Report, p.475 
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should be made in the first place of the increase of the ~ 


easily derive the notion of an economically advisable . 
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By Professor Dr. F. Stiissi (President of the International Association 
for Bridge and Structural Engineering) ~ 


theoretical reasoning about the limiting or economical 
span length of a certain system is not only interesting 
from a theoretical point of view, but also directly useful 
in practice. 


Besides the suspension bridge type, the arch system 
and the cantilever system, both in the form of trusses, 
are adopted for long span steel bridges. For arch 
bridges an increase of the span length within economi- 
cally advisable limits still seems possible, whilst the 
economical limit for the cantilever system has, in my 
opinion, already been reached or even passed. It seems 
to be a research problem of the near future to find out 
whether or not the economical span limit of the canti- 
lever system, using the structural steels known to-day, 
can be increased by a suitable arrangement of the system 
and a refined design of the structural details. 


A second external characteristic in the evolution of 
steel construction is to be seen in the simplification of the 
structural forms. This characteristic trend is clearly 
recognised from a few simple comparisons. If we com- 
pare, for example, an arch bridge built about 50 years 
ago (Fig. 2) with a corresponding present day structure 
(Fig. 3), or if we compare the interior view of one of the 
great cantilever bridges such as the Quebec Bridge 
(Fig. 4) with the towers of one of the new suspension 
bridges (Fig. 5), we can easily see the tendency towards 
simplification, in the arrangement of the structure as a 
whole and in the individual structural details. The 
tendency to use full web members instead of lattice bars 
within economical limits can only be realised in con- 
nection with a refinement of our design methods. For 
the application of members composed of thin plates, it is 
necessary to increase our knowledge of the problems of 
elastic and plastic stability. This tendency to prefer 
full web members does not, however, mean the elimi- 
nation of trusses ; the truss system will remain in favour 
for long spans in the future, but for this system too, the 
demand for simple and clear structural forms in the 
arrangement of the system and in the structural details is 
of prime importance. We can see from the example of 
an existing truss bridge (Fig. 6), that this type can offer 
technically and zsthetically good solutions. 


The possibility of simplifying the elements of steel 
construction is greatly supported by the welding tech- 
nique introduced about 20 years ago in addition to the 
classical means of riveting and bolting. It seems to me 
quite clear that the possibilities of the welding technique 
will only be fully utilised after profound and systematic 
research work in the future. I do not intend to discuss 
this aspect of the welding problem. I will limit myself to 
mentioning the excellent paper by Professor F. Campus 
in the Preliminary Papers of the Building Research 
Congress, London, 1951; I entirely agree with this paper. 
But I would like to mention some structural problems 
that are important for the structural-steel engineer. 


Regarding the design of the assemblage point of a 
truss girder, it is not admissible simply to transfer the 
customary structural forms of a riveted truss to the 
welded system. We have to realise the fundamental 
structural requirements of the welding technique, 
namely to avoid abrupt changes of the sections and the 
accumulation of welds, and we must therefore find an 


<= 
198 


appropriate form of section of the truss members. This 
requirement leads to the arrangement of a welded 
assemblage point as shown by way of example in Fig. 7 
and to the adoption of curved flanges. The incon- 
venience of such curved flanges, namely the unequal 
distribution of stresses across the flange width due to the 
radical forces, and consequently, the poor utilization of 
the material, will be more and more reduced as the 
radius of curvature of the flanges increases. This leads 
to the conclusion that, for welded trusses, the number of 
members to be connected at one assemblage point should 
be reduced as far as possible. Therefore, the strut 
bracing or finally the Vierendeel-girder are appropriate 
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stances arising most frequently in practice, leads to a 
very simple calculation. ; 
In this connection I have ‘further to mention the 
simplifications due to welding in the field of the steel 
frame building. The design of the connection between 
the beams and stanchions is possible in different forms ; 
Fig. 8 shows an example. - ‘ 
3. As a result of the tendency towards full utilization 
of the material in every part of a structure, the box 
section has been developed and applied. I shall here 
mention only two typical examples : in bridge as well as 
in sluice construction, box girders have been executed oF 
designed, utilizing the roadway slab or the planking, 


‘spt 


systems for welding. 


culation ; 


development. 


Hitherto the Vierendeel-girder 
has been used mainly in Belgium, but I think that its 
adoption in other countries will only be the logical 
consequence of the evolution of welding technique. For 
the successful application of the Vierendeel-girder it is 
necessary to have efficient and exact methods of cal- 


without such a basis, the application of a 
Vierendeel-girder would be a drawback for the whole 
In Volume ro of the “ Publications ”’ of 
the 1.A.B.S.E. I have given the outlines of such a 
method, which can be applied in the most general case 
without difficulty and which, under the special circum- 
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together with the main girders and the bracing, as 
closed element. The form of the box girder is not ne‘ 
and in particular British engineers can be proud of tl 
Britannia Bridge built by Robert Stephenson, wl 
successfully realised this form of construction on a lar, 
scale more than a century ago. With experiment 
means, he had to solve, for the execution of this bridge, 
series of stability problems, which even to-day are n 
completely solved for the general case. .The expe 
ments carried out by Stephenson and his staff led hi 
step by step to the well-known ‘form of his Britann 
Bridge. For such a box girder we have not only 
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ee we also need an exact method of stress computation. 
This problem, stress computation in a box girder, has 
‘been solved only for a few simple cases applied in air- 
craft construction. In our domain, however, we have to 
‘deal with more general cases, corresponding to the 
different possible forms of our bridge or sluice sections. 


Fig. 2 


This problem, which may be characterised by the notion 
of the centre of shear or the centre of torsion, shows the 
“peculiarity that in the case of closed or box sections the 
‘Shear stresses can no longer be computed from equili- 
brium equations, but we have to deal with a statically 
“indetermin te problem for determining the shear stress 
at a certain’point of the section. For symmetrical open 
"sections the classical theory of Navier, based on the 
assumption that plane sections remain plane after 


ermation, leads, for the normal applications in steel 
onstruction, to a stress computation sufficiently 
urate for the design. For box sections of any form, 
analogous method with the same degree of accuracy 
_ be derived, on the assumption that the form of the 
tion.remains unchanged during deformation. The 
utlines. of this method, which can be applied without 
ficulty and with a reasonable expenditure of time, will 
e,published in the next volume (11) of the “ Publi- 
cations ”’ of the 1.A.B.S.E. 
4. For the choice of a system, different normal types 
are at our disposal. If we limit ourselves to construct- 
ions of -gne single. spar we have the beam, arch and 
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suspension systems. _The comparison shown in Fig. g 
demonstrates that those normal systems are closely 
related to each other.. From a truss beam with poly- 
gonal upper chord, we can derive the arch by eliminating 
the lower chord and by assigning its functions to the 
abutments ; the web-members, which are stressed only 
in the case of unequal distribution of the loading, are to 
be replaced by executing the upper chord as a stiff full 
web member. 

In steel construction, in bridge as well as in building 
construction, we have sometimes to deal with problems 
where the nérmal systems treated in the text books do 
not give the best solution, but where we have to find, by 


Fig. 4 


theoretical reasoning, special arrangements to fulfil the 
requirements of the particular case. I would mention as 
an example the steel construction for the new hangar of 
the airport at Kloten (Fig. 10). There the building 
authorities laid down that in view of fire risks, the steel 
construction should be supported by a concrete structure 


Fig. 5 


at least 6 m above the floor. The external form of the 
roof was also prescribed. Owing to unsatisfactory soil 
conditions, the horizontal pressure of the roof con- 
struction had to be reduced as far as possible. Starting 
from the prescribed form of the roof, two normal solu- 
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tions could be taken into consideration, but the first, a 
simply supported beam, would have led to an excessive 
structural weight, and the second, the arch, would have 
given too great horizontal pressures. We therefore pro- 
posed an asymmetrical three-hinged arch, which avoided 
these two disadvantages and allowed an economical 
execution. The solution adopted (Fig. 11) required a 
steel weight of 18 kg/m? for the roof truss. 


Fig. 6 


5. Starting from external and externally visible 
characteristics of the evolution of steel construction, we 
were also able to determine some internal characteristics ; 
the total evolution of steel contruction is imaginable 
only on a scientific basis and in close connection with the 
evolution of structural statics. In no other branch of 
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structural engineering are design and theory so closely 
related to each other, and the evolution of theory forms 
an essential part of the development and the application 
as a whole. 

The evolution of characteristics are not always 
apparent in the external form of a construction, and 


_ namely the plastic buckling of compressed bars, and the 
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there is to-day a very interesting discussion in our 
profession about such a problem, which is not externally 
apparent but influences the design and the methods of © 
design in principle. This is the problem of plasticity 
which was also discussed on a large scale at the Building 
Research Congress, London, 1951. I should like to limit — 
myself to mentioning only two items of this problem, 


plastic or limit design. 


In the buckling problem it is very interesting to find 
that as early as 1826 the great French engineer, Louis 
Navier, in his fundamental book “ Résumé des lecons 
sur l’application de la mécanique ’’ gave some single — 
values for the plastic buckling stresses for timber and 
wrought iron, the two most important building materials 
used in those days. Navier’s knowledge about buckling 
evidently did not hold the attention of the profession and L: 
was lost later on ; it is a fact that only 70 years after- — 


Fig. 8 Prd 


wards, Ludwig von Termajer gave an empirical formula 

and Friedrich Engesser a theoretical solution for in-_ 
elastic buckling. The empirical formula of Tetmajer is — 
very simple and easy to handle, and is therefore still used | 
to-day for design in many countries. There is no need to | 
deal with this formula here. I would like to state, how- 

ever, that Engesser corrected his first proposition by 
taking into account an objection of Jasinski, thus intro- | 
ducing the buckling modulus which we know as the 
Engesser modulus, or since 1908 as the Engesser-Karman 
modulus: Only 50 years later Shanley pointed out that 
the first proposition of Engesser was the correct solution | 
of the plastic buckling problem, and I therefore think we 
should call this theory the Engesser-Shanley theory. 
This short retrospect on the history of the plastic buck-_ 
ling problem shows a fact which to our regret can be seen 
time and again in engineering science, namely a certain 

inertia of the profession, as Professor Winter calls it in 

his paper for the Building Research Congress, 1951. 
Besides that, there is another reason why the inexacti- 

tudes of the Engesser-Karman theory have not been | 
discovered for such a long time: for a steel with a 
distinctly marked yield limit which is only a little above 
the proportional limit, the two theories Engesser-Karman 
and Engesser-Shanley give approximately the same 
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-fTesults ; the difference between the two theories being 
apparent only for a steel with a pronounced transition 
zone between the proportional and the yield limit. 
_ Fig. 12 demonstrates this fact. I have no doubt that 
_ future specifications for steel construction will be based 
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ve 

on the Engesser-Shanley theory, the results of which are 
on the safe side. 

_ The English-speaking section of the profession recently 
seem to be very interested in the problem of limit or 
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Plastic design, just as the German-speaking section was 
about 15 or 20 years ago. I should like to point to some 
‘theoretical considerations and corresponding experi- 
‘ments we carried out and published in 1935.2. I then 
Oo 
> F . Stitssi and C. F. Kollbrunner : Beitrag cum Traglastverfahren. 
“Die Bautechnik"’ 193 5, Heft 12. 
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desired to find out if the factor of safety for continuous 
beams designed according to the plastic design or method 
of plastic hinges was the same as for a normally designed 
corresponding simple beam, For the solution of this 
-problem it seemed to me to be important to realize a case 
of loading for which the question could be answered 
direct by experiment. Following a theoretical reasoning, 
wé tested a continuous beam with three spans by a single 
concentrated load in the middle of the midspan (Fig. 13). 
If the plastic hinge method was correct, this beam should 
carry double the load of the simple beam, independent of 
the span length of the side spans. This, however, is not 


Fig. 10 


possible according to theoretical reasoning, because we 
cannot imagine a sudden transition from the behaviour 
of the continuous beam to that of the simple beam. The 
experiments confirmed this reasoning as clearly as could 
be desired. The discrepancy between the actual be- 
haviour of the continuous beam and the plastic hinge 
method can be explained by the fact that, after the pro- 
portional limit has been passed, the moments in the 
middle of the midspan and at the supports show a certain 
tendency towards equalisation ; but this equalisation is 
not complete, and with increasing load there is again a 
divergency (Fig. 14). As the plastic hinge method 
supposes complete equalisation of the moments, this 


Fig. 11 


method is not correct, and even for a purely statical load- 
ing this method does not ensure the required factor of 
safety. The results of the elastic theory, on the other 
hand, are on the safe side. I am convinced, therefore, 
that the application of the limit design would reduce the 
factor of safety of our constructions and it is necessary to 
retain for statically indeterminate systems the design 


based on the elastic theory, not only for dynamic but also 
for static loading. SY 

6. The evolution of steel construction is not yet 
finished but is still going on. Its external characteristics 
are dominated by a marked tendency towards a simpli- 
fication of the structural forms in the total arrangement 
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of the system as well as in the design of the details. This” 
simplification consists of omitting all accidental and: 
unnecessary parts. ee 

In this connection we can understand why full-web 
beams are more frequently applied than in former times’; 
but this tendency has its natural limits set by technical 
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possibilities and economical reasons, and I am sure that ~ 
the truss system will still be used in the future for long ~ 
span structures. For medium spans, I think that also” 
the Vierendeel-girder in connection with the evolution of — 
welding technique will be more often adopted than is the 
case at present. But also for the welding technique it- 
self, we have for the moment to state limits of appli- — 
cation, and the classical means of connection, rivet and — 
bolt, will also play their part in the future. ' 
The evolution of the theory is not always continuous, as — 
we can see from the example of the buckling problem. — 
Despite the advantage of teamwork in research, the 
intellectual evolution has to be supported by the ideas 
and reasonings of prominent individual scientists. » *._ 
Representative steel construction is not only a teeh: © 
nique or technical science ; design and execution must be 
based not only on experience and theory, but also on 
artistic and scientific intuition. fights 
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Summary 

The paper describes an investigation into the accuracy 
of determination of the torsional properties of a non- 
circular section by the membrane analogy and by 
relaxation methods. A circular section with a circular 
groove was investigated, the section being considered 
most suitable because an analytical solution is available 
and because it has a region of high stress comparable to 
the re-entrant corners of structural sections in which 
the authors are interested. 
_ Both methods were found to be accurate to about 
2 or 3 per cent. for this section; but each has a different 
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Ratio of reentrant radius 'r’ fo leg thickness t' 


i ., Fig. 1. Comparison of published results on stress 
| concentration at the reentrant fillet of an equal-leg 

4 angle section 
eld of use. For a complete investigation of the tor- 
onal properties, relaxation is considered the better 
method but the membrane analogy is equally effective 
“when only particular constants are required. 


1. Introduction 
The torsional properties of non-circular structural 
sections are generally determined, in design offices, by 
empirical formule based on the experimental results 
of a few investigators. It has, however, been shown in 
previous papers to the Institution’, 1° that these formule 
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Accuracy of Determination of the 
Elastic Torsional Properties of Non-Circular 
Sections Using Relaxation Methods and the 
ae Membrane Analogy 


By W. B. Dobie, M.Sc., Ph.D. and A. R. Gent, B.Sc., Ph.D. 


for the torsion constant and the maximum elastic stress 
do not agree. Many of the variations can be attributed 
to the differences in the assumptions on which the 
empirical formule have been based, but it appeared 
that considerable error was also due to the basic experi- 
mental results. 

This is demonstrated by the comparison of published 
results for the stress concentration at the re-entrant 
radius of an equal angle in Fig. 1, the ordinates of which 
represent the ratio of the maximum stress to that 
occurring in the leg of the angle at an infinite distance 
from the re-entrant corner. Curves D and EF, due to 
Trefftz!* and Timoshenko? respectively, represent formu- 
lz derived by making general assumptions, but curves 
A, B and C represent the actual experimental results 
of Cushman®, Ehasz}’, and Griffith and Taylor® respect- 
ively, obtained by the membrane analogy. Ehasz has 
given the results of tests on two similar angles, 4 in. x 
3 in. x din. and 4 in. x 3 in. x #in., which are given 
as curves C, and C, in Fig. 1. 


Fig. 2. Stresses due to pure torsion 


Clearly, these results for the maximum stress are 
incompatible. This prompted an investigation into the 
accuracy of suitable methods for the determination of 
the torsional properties of structural shapes, in particular 
the torsion constant and maximum stress because of 
their practical interest. 


2. Theory of Torsion 

The equations governing the problem of pure, elastic 
torsion are based on the mathematical theory of elas- 
ticity and were first given by St. Venant!. Using the 
equations of equilibrium and the conditions of compati- 
bility, the equation to be satisfied across the cross- 
section can be written”, in terms of the stress function, @, 
Wage pe Or nerd $2) iy") eA tek sateen 

where the operator is given by 
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The stresses xz and yz, shown in Fig. 2, in terms of 
the stress function, are 
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and the torque, 7, is given by 
T=2C0ff o dx dy. : 3 
where C is the modulus of rigidity and © is the twist 
per unit length. 
At the boundary the additional condition 

5) 

—=0 

ds 
must be satisfied, where s is the length along the boun- 
dary. This reduces to pe condition 

Bias ®) 

on the boundary, since the integration constant is 
arbitrary. 


3. Methods of Solution 


The possible methods of solving equations 1 and 4 
can be divided into the following groups : 
a. analytical methods, 
b. methods of analogy, and 
c. graphical methods and numerical computation. 

Solutions obtained by direct mathematical analysis 
are confined to the simpler geometrical shapes, such as 
the circle and ellipse. By conformal transformation 
and the use of the complex variable more complicated 
shapes can be ‘analysed, but these are limited to non- 
technical shapes. 

The methods of analogy have been comprehensively 
surveyed by Higgins? ; they include : 

a. Prandtl membrane analogy, 

b. electrical analogies, 

c. hydrodynamical analogies, and 
d. photoelasticity. 

In previous work, other investigators have favoured the 
membrane analogy using a soap film as a membrane, 
although Redshaw? and others have described and used 
electrical potential analysers for solving Poisson’s 
equation. Analogies based on the hydrodynamical 
principle have never, to the writer’s knowledge, been 
used for technical investigations. In an investigation 
into the stresses in keyways, Leven® has used photo- 
elastic methods and concluded that the applicability 
of the scattering method to general cases of stress in 
regions of high stress concentration is yet to be de- 
monstrated ; the surface method for obtaining surface 
stresses seemed to offer the best prospect. Photoelastic 
methods are still in the development stage and, although 
a solution of reasonable accuracy can be obtained, the 
cost of the models and equipment is rather high. 

Many graphical methods of solution have been 
suggested, but in this group the most important way of 
obtaining a solution seems to be by numerical computa- 
tion. There are two methods of computing a numerical 
solution, by 

a. iteration, and 
b. relaxation. 

In iteration interest is centred on the value of the 
stress function and approach to the correct solution 
proceeds at a fixed rate, while in relaxation the rate of 
approach to the correct solution depends on the computer 
who is concerned mainly with the errors in the solution. 

Of the many possible methods of effecting a solution, 
the writers favoured the membrane analogy and numeri- 
cal computation by relaxation methods. They are both 
suitable for research work and yet require a minimum 
of intricate apparatus, and for this reason they could 
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also be used in accurate design pe ae ‘Howaver. as 
neither of these methods gives a general solution their 
accuracy could be pees ipatad only for a particular 
section. 


4. Section Investigated 


Having decided that the membrane analogy and 
numerical computation are favourable ways of obtaining 
solutions for complex sections it remained to find a 
section to the following specification : 

a. an analytical solution must be available, and — 
b. the section must have at least one region of higt 
stress such as occurs at a re-entrant corner. — 


Y 


Fig. 3 
The only section which seemed to fit this specification 


was the circular shaft with a circular groove, Fig. 3, the 
analytical solution being due to Weber® who gave 
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From equation 5 the maximum stress, written as a 
stress factor, R, with the dimension of length, is . 
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-and it occurs at the bottom of the groove. The torsion 


constant is 
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5. Membrane Analogy 
For a membrane with a surface of double curvature 

it can be shown’ that, approximately 
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R, R, S: 
where R, and R, are the principal radii of curvature of 
the membrane, # is the applied pressure and S the 
tension per unit length of the membrane, which is 
assumed to be constant. Since the total curvature is 
invariant it can be written 
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Shore z is the height of the membrane and x, y its plan 

20-ordinates. Higgins: gives the exact solution 
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but, for the analogy, which requires that the inclination 
of the membrane be negligible compared with unity, 
these two equations reduce to 
d2z d *z p ; 

= eS a oe ce eee eae OG 
dx? dy S 

the analogy with the governing equation being self- 
evident. The boundary condition, equation 4, is 
Satisfied by attaching the membrane to a hole in a thin 
plate, the shape of the hole being the same as the cross- 
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section. Analogous phenomena are indicated in the 
following table : 
MEMBRANE TwIsTtED Bar 

Height, z Stress function, 2 
Volume Torque or Torsion Constant 
a, Inclination Stress 


A soap film has, in the past, been used as a membrane 
and although attempts have been made to use other 
arrangements to avoid the difficulty of forming and 
‘Maintaining a soap film, it remains the most efficient 
‘membrane. The relationship between the phenomena 
‘of the twisted bar and those of the membrane, termed 
‘the constant of the analogy, is a function of the applied 
‘pressure #, and the membrane tension, S. To avoid 
the direct determination of p and S, the membrane over 
the complex section is usually compared with one over 
‘a circle ; if the two membranes are made from the same 
soap solution and subjected to the same physical con- 


Tn this way the torsional properties are determined, by 
‘proportion, from the known properties of the circular 
cross-section. 

_ Fig. 4 shows the apparatus used which included a 
rigid airtight box to hold the plate on which the films 
ere formed, a spherometer to determine the heights of 
‘the membranes and plot the contours, and an optical 
inclinometer to measure the inclination of the mem- 
branes. To measure small angles of inclination, the 
inclinometer was modified by fixing the light vertically 
‘above the point on the membrane for which the stress 
actor was required. The volume enclosed by the 
membrane can be determined from a contour diagram 
but it was found more efficient to determine the volume 
lirectly by inflating the membranes with a U-tube and 
burette. 
. 5.1 Torsion Constant 

_ The torsion constant, K, is proportional to the volume 
inder the membrane. Assuming a spherical film over 


ditions the constant of the analogy is the same for both. © 
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height, h, and the corresponding volume, Vt, for the non- 
circular section determined by measuring the sum 
(Vi + Ve). The films were inflated by the U-tube, one 
leg of which was connected to the apparatus and into 
the other, water was added from a burette. Neglecting 
the slight pressure losses due to the compression of the 
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Soap film apparatus 


Fig. 4. 


air in the apparatus, the increases in the sum of the 
volumes were predetermined. The height, h, was 
measured for a given increase in (Vi + Ve). 

In terms of the height, 4, the volume in a spherical 
film is 
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where fi = h [ —_- — 
D? 
and D is the diameter of the circular hole. Fig. 5 shows 
the graph of Ah1 vs. 2 4 (Vt + Ve) ; the torsion constant 
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calculated by the method of least squares from these 


results was 1.740 in* which is in error by —2.69 per cent. 
For small h/D, equation 10a approximates to the 
expression for the volume, V cp, enclosed by the Prandtl 
membrane over a circular hole of the same diameter D, 

Viz., 
Viep a $ xhD? . . . . . . . . . rob 


The graph of Ah vs. 2 A(V. + V+) can therefore be used . 


to compute the torsion constant : the points are shown 
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Griffith and Taylor® in their experiments used an 

inclinometer in which the incident and reflected rays of 

light coincided. The films were inflated and the slopes 

determined by adjusting the inclinometer. The writers 

considered that results with comparable accuracy could 
be obtained quicker by the method outlined above. 


5.21 EnGE EFFECT 
When using the optical inclinometer an edge effect o 
the soap film was observed which affected the acutally 
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Fig. 5. Correlation of volume Britt height of membrane 


in Fig. 5. Using the method of least squares and 
neglecting the effect of (4/D)*, the torsion constant was 
found to be 1.825 in#, which is in error by + 2.06 per cent. 
5.2 Maximum Stress 

The determination of the stress factor, which is 
proportional to the slope of the Prandtl membrane, 
requires the measurement of the inclinations at the 
boundary of the circle and at the required point of the 
complex section. The inclination, it, of the complex 
section was measured by the optical inclinometer which 
records by reflection ; for the circle it was assumed that 
the film was spherical and the inclination, ic, was 
computed from its height, 4, measured by a spherometer. 

The telescope of the inclinometer was first adjusted 
so that its line of sight passed through the point of 
maximum stress for the complex section. The light 
was then fixed in a specified position and the films 
inflated until the reflection of the light source appeared 
on the membrane. The membranes were then slowly 
deflated until the reflection of the light source sank 
below the centre of the cross-hairs of the telescope. 
The maximum height of the film over the circle was then 
recorded. 
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of individual measurements. It appeared as a dark rim 
at the edge of the plate, when viewed through the 
telescope, as shown in Fig. 6. The reflection of the 
light source was not visible below point B in Fig. 6 ané 
at B there was a pin-point reflection of the light source 
which did not move appreciably as. the films_ were 
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lated and which remained after the normal reflection 
YVdisappeared. The apparent height of the dark rim, 
}, varied but had a maximum of about 0.0625 in. 

Cushman? suggested that the edge effect was due to 
: film leaving the edge of the plate, as in Fig. 7a, the 
‘face of which was always wet due to the method of 
ming the films. It was observed however, that when 
» film was inflated high enough to cause a visible 
yvement over the plate surface, the apparent edge 
‘the plate was distorted relative to the cross-hairs due 
refraction as in Fig. 7a. As no optical distortion was 
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Fig. 7. Edge of soap film 


served in normal tests the édge effect cannot primarily 
caused by the film adhering to the plate surface 
stead of the edge. Probably the edge effect was due 
liquid which had drained down the film and collected 
und the edge of the plate as in Fig. 7b. This would 
count for the observed increase of edge effect with a 
icker film, with the surface tension of the solution, 
uch would increase the amount of liquid that could 
‘held in the rim, and with time. The sudden dis- 
ypearance of the reflection at the top of the edge effect, 
/in Fig. 6, can be interpreted as the point at which the 
(vature changes from convex to concave. There 
ypears to be no simple explanation of the point reflec- 
mm at B but it is possibly due to complicated internal 
flections within the soap film. 
When measuring the slope of the membrane Cushman? 
ied the spherometer in an attempt to overcome the 
fficulty caused by the edge effect. He measured the 
“ight of the film at-intervals from the edge of the plate 
a obtained the slope by extrapolation assuming the 
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edge effect was local. The method was considered, by 
the writers, to be less accurate than the optical inclino- 
meter because any slight errors in the height measure- 


_ ments would be proportionally large when determining 


slopes. 


5.22 ANALYSIS OF RESULTS 


As the stress is theoretically proportional to the 
tangent of inclination of the Prandtl membrane, the 
results were plotted as a graph of tan it against tan ic. 
The graph was not a straight line but a smooth curve 
approaching thé theoretical line at the origin, as indi- 
cated for a particular soap solution in Fig. 8. The 
deviation from the straight line is attributed to the 
inaccuracy of the analogy which only holds for small 
angles of inclination. 

Griffith and Taylor® plotted sim i: vs. sim ie and 
assumed that the graph was a straight line giving the 
ratio between the stress factors for the complex section 
and the circle. When, however, our results, obtained 
with many different soap solutions, were plotted in this 
way a graph with an error of about Io per cent.-was 
obtained, Fig. 9. 

As greater accuracy was required a correction formula 
was devised for the graph of tan 2; vs. tan 1-. The formula 
was deduced by considering the film over the circle and 
it was extended to other shapes. The Prandtl mem- 
brane is parabolic and analogous to the solution of the 
general torsion equation, viz., 
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The soap film is known to be spherical and therefore 
for any film of height /# the corresponding Prandtl 
membrane can be visualised as in Fig. 10. A relation 
clearly exists between the measured slope, tan 7c, and 
the slope tan 7. of the Prandtl membrane. From 
geometry this relationship is given by the quadratic 
equation 


tan® or — 
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| Fig. 8. Comparison of observed and corrected tangents 
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A graph of this equation, Fig. 11, was used to adjust 
the observed values of tan 7. to the corresponding fan 1}. 
The expression was also applied to non-circular sections, 
since at any point their soap films can be considered 
spherical. Correcting the graph, Fig. 8, a good straight 
line was obtained with an error in the stress factor of 
only —1.71I per cent. 
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Thick viscous solutions generally gave durable film 
but they were difficult to form over large holes and w 
accompanied by considerable edge effects. , 
5.32 SIZE OF CIRCLE - 


Griffith and Taylor® showed that, for the mean PR 
of the inclination of the test film at the boundary to k 
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Fig. 9. Graph of sines of inclination showing deviation from straight line 
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5.3 Conclusions on Membrane Analogy 


5.31 SOAP SOLUTION 

For stress determinations a soap solution(a) is required 
which gives the minimum edge effect, durability being a 
secondary consideration. A soap solution(b) producing 
a good durable film is, however, required when esti- 
mating the torsion constant because of the procedure 
suggested in which all the measurements are made with 
one film. 


equal to the sine of inclination of the film at the bounda 
of the circle, the circle should be of radius 2A/P where 


a. 15.2 cc. of Oleic acid was mixed with 50 cc. of distill 
water and 7.3 cc. of 10 per cent. aqueous solution of triethano 
mine added. This was then made up to 200 cc. with distil! 
water and 16.4 cc. of pure glycerine added, The solution w 
allowed to stand in a separating funnel and the clear liquid dra 
off from below. ; 

b. 10 grammes of sodium oleate and 50 cc. of pure glyceri 
made up to 500 cc. with distilled water. : : 


2 
«t 


a ithe: area . and P, the perimeter of the test section... 
circle of this radius was recommended and it is 
sonable for torsion constant measurements since it 
rgests that the degree of approximation in the analogy, — 


ed ; oz 4 
é to the neglect of — and — in equation 9g is the 
% oy ox 


ne for both films. For stress measurements, however, 
2 condition is not as reasonable ; a better condition to 
ow for the error in the analogy i is to adjust the radius 
the circle so that the inclination of the film at the 
undary is approximately equal to the inclination of 
é test film at the point nh the stress measurements 
2 being made. 


Further, the size 2A4/P is sometimes inconveniently 
all and the errors made in determining the film 
then outweigh the advantage gained in making 
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for both would have been equal and there would have 
been no need to correct the observed results. Fig. ro 
demonstrates the inadvisability of using a sine plot, as 
recommended by Griffith and Taylor8, to determine the 
stress ratio. 


5.34 MEASURING THE INCLINATION OF THE FILMS 


Results with comparable accuracy can be. obtained 
quicker by slowly deflating the films to a particular 
inclination than by measuring the inclination by adjust- 
ing the optical inclinometer. Further, the method 
allows a personal estimation of the edge effect. 


Cushman’s method of estimating the inclinations 
using the spherometer is not recommended, principally 
because the method is essentially a finite difference one 
and depends on the intervals between the very small 
height measurements which are themselves of doubtful 
accuracy. 
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Fig. 11. Graphs for determining corrected from observed tangents using correction formula tan? i’ + 4 tani’/tani—4—o 
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qual the analogy approximation for both films. The 
frors arise because the accuracy of measuring the film 
eight is proportionally large for small heights. The 
ircle should not, therefore, be less than about 1.5 in., 
ut care must ie taken to ensure that the ratio of the 
olumes enclosed in the films, V</V:, is not excessive, 
therwise one encounters difficulty in determining the 
mall volume V, by difference. 


=, 


33 STRESS DETERMINATIONS 


‘Iti is recommended that the ratio between the stresses 
1 the test and circular sections be determined by 
otting the tangents of the inclinations of their films, 
correction by Fig. 11. This correction makes an 
ypt to allow for the inaccuracies in the analogy 
s based on the known relationship between the soap 
| over a circular hole and the stress function for a 
ular section ; there is little danger of erroneously 
lying the correction formula as the result would be 
ther curve instead ofa straight line. If the diameter 
he circle used for comparison had been adjusted so 
the values of 7 and ie were equal, the correction 


5.35 ACCURACY OF THE TORSION CONSTANT AND 
MAXIMUM STRESS DETERMINED BY THE 
MEMBRANE ANALOGY 


The following table gives the results obtained by the 
soap film apparatus for a section in which 


a@ = 1.117 in. nominally 1.125 in. 
b = 0.482 in. nominally 0.500 in. 
Membrane Theoretical | Error 
Analogy | 
qg/CO max Lge2 1.752 | —1.71% 
Tet 1.825 1.788 | 4-2,.06%, 


6. Numerical Methods 


Analytical methods are not applicable to problems 
involving highly irregular regions and in some cases the 
equipment is not available to carry out analogous 
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experiments. This necessitates the use of graphical or 
numerical methods for complex shapes. 

The wider use of numerical methods in all branches of 
Applied Physics has made graphical methods appear out- 
dated. There are two types of numerical methods ; 

a. the method of iteration, originally associated with 
the name of Liebmann! and used by Orr and Thom™ 
for the torsion of circular shafts of varying radius and 
later by Orr!? for an investigation into the torsion of 
structural shapes, and 

b. relaxation methods due to Southwell!® which is a 
form of end-figure tabulation. 

In both cases, the differential equations of the torsion 
problem must be written in finite-difference form, which 
reduces the problem to one with a finite number of 
degrees of freedom. The function A?¢ has a particular 
value for every point in the domain in which we are 
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Fig. 


interested but, by interpolation formule, the value of 


this function could be estimated from certain known ~ 


values at specific points. Such specific points are 
usually arranged in an array, the continuum of the 
original body being considered as a network of these 
points. 

Using Liebmann’s approximation for the Laplacian 
operator, the finite difference form of the governing 
equation for the square net, Fig. 12, is 


I 4 
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A new improved value of @, at any specific point can be 
computed from equation 13 using assumed values of the 
stress function at the specific points or nodes of the net- 
work. This constitutes the basis of the iterative method. 
Values of @ are assumed to begin with and using the 
equation 


4 
Do ==) ry ( > On of. 2a” . . . . . . . I4 
n=1 


each one is corrected in turn. Convergence to the 
correct solution proceeds at a fixed rate beyond the 
control of the operator and for this reason the writers 
preferred the relaxation method. 

In the relaxation method, values of the stress function 
are assumed as before and corrected by a modified form 
of equation .13. The error in the assumed values is 


“measured by the right-hand side of equation 13 whi 
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It is obvious that the fefiowite changes in the stre 
function cause corresponding changes in the residua 
4 


A@a = +1 AP, == er | 
AD y= +1 AF) = —4 : A 


By suitably adjusting the values of the stress fonctg 
the computer can reduce the residuals to values which 
considers negligible. Experience of ‘the relaxatic 
procedure, adequately described in the publications \ 
Sir Richard Southwell and his co-workers, enables tl 
computer to increase the speed of convergence to tI 
desired solution. Practice of the relaxation methe 
on a simple section, such as a square, will demonstra’ 
this fact. 

The finite difference form of the governing equatioi 
for the irregular parts of the network at the boundai 
is given by Southwell!’ ; procedures for advancing to 
finer net are also given. 

Fig. 13 shows the finished network for the circiy 
section with a circular groove. Initial assumed valu 
were obtained by the membrane analogy but the: 
could equally well have been assumed from the solutic 
for a circle by sketching the contours. The origin 
side of the network was 0.5 in. and the residuals we: 
reduced to about 2 per cent. of the stress function value 
The network was then reduced, by stages, to a fin 
size of 0.0625 in. over most of the area. 

Stress factors for the re-entrant Ss which a: 


proportional to the slopes.-——, were computed fro 


on 


linearly interpolated values of the stress function. TI 


dg 
slope —— was determined. by assuming pat a secor 
on 


degree polynomial described the dependence of 2 «¢ 
the normal distance, 7. Values of the stress factor, s 
computed, are compared with the theoretical curve | 
Fig. 14 ; for nodes very close to the boundary, erroneo) 
results were obtained and it is recommended that tl 
complete distribution curve should be drawn whe 
evaluating the stress at any point on a re-entral 
surface. 

An isolated computation ‘of the stress factor ida th 
network of 0.0625 in. side gave a value of 1.696 whi 
is in error by 3.08 per cent. By reducing the netwot 
to 0.03125 in. over a small area adjacent to the poi 
of maximum stress, Fig. 13a, the error was reduced © 
2.17 per cent. 

The torsion constant, K, which i is given by — 


K=2ff 9 dx dy 


can be determined in two ways : 

a. by drawing lines of constant stress function, 
determining the area, Ag, enclosed by them and th 
estimating the value of {4g da by Simpson's: rule, 

b. by summing the values of 2 a? for each node. 
For the size of network illustrated, both methods are 
equal accuracy but the latter is quicker. The torsi 
constant in both cases was. found to be 1.812 in* whit 
is in. error by 1.79 per cent... A netwark- of masa i 
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Fig. 12. Relaxation Network for 2}” dia. circular shaft with }” rad. circular keyway 
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side would no doubt give a torsion constant of sufficient 
accuracy. 
7. Conciusions 


Summarising the results of the investigation, 


Relaxation Method 
@ 1.125”; b 0.500” 
i} | 


Membrane Analogy 
@ 1,117"; b: 9.4827 


experi- | error 
ment 


theory | experi- | error || theory 
ment 


q/COmax|| 1.752” | 1.722” | 1.71%|| 1.750” | Lf liee ely 


K 1.7881n4 |1.825in* | 2.060% ||1.8452n* |1.81210* [1.79% 


| 
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From the table one sees that the error for both methods 
is of the order of 2 per cent. Certain precautions are 
however necessary if this accuracy is to be obtained, as 
follows. 


MEMBRANE ANALOGY 

a. A suitable soap solution must be used which gives 
minimum edge effect and is sufficiently durable, and 

b. the circle used for comparison should not be less 
than 1.5 in. diameter. 


RELAXATION METHODS 

a. Residuals should not be greater than 2 per cent. 
of the corresponding stress function value, and . 

b. the size of the network in the region of a re-entrant 
corner should be about one-eighth of the re-entrant 
radius. ; 

Instead of plotting sines of the membrane inclinations 
to get the stress factors as suggested by Griffith and 
Taylor,® it is recommended that the measured tangents 
be adjusted by the correction formula given in art. 5.22 
and illustrated in Fig. 11. 

For re-entrant radii less than about 3/16 in. relaxation 
methods are superior to the membrane analogy, but 
both methods are generally suitable for determining 
the properties of structural sections from which empirical 
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Timber Beams and Floors” 


Discussion on the Paper by D. I. Lawson, M.Sc., M.LE.E., C. T. Webster, F.R.I.C. 


2° x 
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-The:-CHarrMan proposed a vote of thanks to the 
authors’ and declared the meeting open for discussion. 


“Mr. A. S. PRATTEN, London Salvage Corps, asked 
whether results might vary with the nature and.age of 
the wood. He had particularly in mind the difference 
between soft and hard wood. ef 


_ Mr. Ashton replied that the question was very. wide 
in scope and they had not done enough experimental 
work to answer it fully. But the small amount of work 
they had done on charring timber indicated that there 
Was not a significant difference in the rate of charring 
between soft and hard wood under the conditions of 
their tests, and they therefore would not expect much 
difference in the fire endurance of beams made from 
hard or soft wood. — 

_ With regard to the age of the wood, they would not 
like to make any prediction because they had not been 
able to explore that factor. There was one factor which 
Was important and which had not been mentioned, the 
moisture content. Their timber had been conditioned 
to a moisture content of about 12 per cent., which was 
common in buildings. 


i 


i ‘Mt. S. J. Docxine said he was indebted to the authors, 
who had been war-time colleagues, for exploring a 
fe or . . 

‘oblem which was not just an occasional one, but 


Te 


concerned every-day building. 


_ In our modern research for substitute materials fo 
cl astruction, the question of fire resistance was often 
overlooked in the effort to achieve maximum economy 
in the single factor of load bearing. It was obvious 
hat a square beam, which was generally an impracticable 
shape, was the best for fire resistance. What he had 
found interesting in the paper was the evidence given in 
Fig. 6 that shapes which were structurally economical 
Were not entirely ruled out of court from the fire- 
resistance’ point of.view. He was pleased that the 
fiecessary degree of: fire-resistance could be met by 
‘oviding a good ceiling to give protection to the mem- 
bers rather than by spoiling the structural shape of the 
joists themselves. 
| Going from that to a point beyond the paper, he had 
been much struck in his own studies on fire resistance 
the relative weakness of steel members as compared 
h timber members. It was strange that the com- 
tible material would often stand up to a fire and 
ry its load better than an incombustible material 
ng the same job. For that reason he hoped the 
uthors would go forward to study the comparative 
susceptibility of such things as welded steel joists 
nd those other light forms of beam which we had been 
Tiven to adopt because of the shortage of timber. He 


_ *Read befove the Institution of Structural Engineers at 11, Upper 
wave Street, London, S.W.1, on. Thursday, February 14th, 
, at 6 p.m. My. Walter C. Andrews, ONB.E:, M.ECE., 
Struct.E. (President), in the Chair. . 
See 


Ashton 


thought it would be found in some cases that the fire 
susceptibility was so high that especially good ceilings 
ought to be used in certain cases ; for example, under 
bedrooms over living-rooms, where there was a “ sleep- 
ing ’’ risk. 

He thanked the authors for lifting the question of fire 
susceptibility out of the slow trial and error approach 
which was sufficient for the leisurely days of the past 
into the scientific approach which we needed now to 
cope with rapid developments of modern building 
technique. 


Dr. S. B. Hamirron (Vice-President) called attention 
to the assumption tentatively made by the authors in 
the second paragraph on p. 27, “ that the timber retains 
its original strength until charring takes place.’’ Since 
hot, damp wood is known to be much weaker than cold, 
dry wood, this assumption could not have been expected 
to be even roughly true and was indeed by implication 
abandoned later by the authors. They did not, how- 
ever, as they could have done from their experimental 
results, check the degree to which the assumption was 
erroneous. When this assumption is abandoned, & in 
equation (I) is not a constant, and the two expressions 
stated in equation (2) to have the same value r are not 
equal. 


The 7 which has the value expressed in the second line 
of equation (2) and in equations (3) and (4) is actually 
the ratio between the modulus 7; of the section of the 
beam EFGH in Fig. A to the modulus Z, of the original 


Fig. A 


section ABCD when the unhatched area between the 
boundaries represents the. material made useless by 
charring. Ther which is the ratio between W; and W, 
is found by curve-fitting to have the value shown in 
equation (7). It is this value of r which is used by the 
authors in all subsequent references in tables and graphs. 
It would have been clearer had different symbols been 
used for the two v’s defined thus 


Zt Ws 
, = — andr, = - 


cia (8) 
Zo W, 


Since W; is applied to the beam at the beginning of the 
test, it remains unaltered until failure and so does the 
moment M;, under which failure takes place after ¢ 
minutes endurance. If the modulus of rupture of the 
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beam at failure under fire test is /,, then M; = fi.Z; ; and 
if the modulus of rupture of a similar beam tested to 
failure, cold, is fu, taken by the authors as 11,000 Ib./sq. 
in., and the moment at failure for the cold beam is Mo, 
then 


W; M, AilZs fry 


— = = = re S| 
W, Me op fF 


By referring to“ moduli of rupture,”’ and not to extreme 
fihre stresses at failure loads, any assumption as to the 
~ distribution of stress over the section at failure is 
avoided. 


The relationship between 7, and 7, in equation (Qg) 
may now be compared with that implicit in the authors’ 


equation (7). 
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Taking as an yrample the test results given in Table 1 
for beams g in. by 2 in., 7, varies from 0.57 when ¢ = 
15 min. tov; = Q,19 Ww hes ¢ = 2g min. The corresponding 

variation of f, is from 1570 to 520 Ib./sq. in. 


Equation (7) Is Beehive true for the range of the 
experiments, that is for times between Io and 30 minutes 


ad 
—) between, say, 2 and 6; 
b 


and for shape factors (S = 


but to extrapolate beyond these limits is to invite serious 
error. For instance, for low values of ¢ the weakening 
of the bulk of the timber by heating may be slight. For 
¢ = 0, r, = 1 and by equation (10) /; would be 2750 ; but 
actually when ¢ = 0, f: = fa = 11,000. The family of 
curves plotted in Fig. @ goes far beyond the limits of 
experimental evidence in respect to S ; only about the 
middle third of the range plotted is actually so backed. 
The authors’ conclusion therefore (on p. 33) that “ the 
maximum fire-endurance in relation to the cross-sectional 
area will be achieved for beams-of approximately square 
cross-section when loaded to a given fraction of its 
breaking load,” since it is based on extrapolated curves, 
cannot be regarded as proved. Further experiment 
might show it to be incorrect. That this conclusion, if 
accepted tentatively, may be misleading appears from 
the following comparison. 


The two beams, of the sections shown in Fig. B both 
have the same cross-sectional area, a = 16 sq. in., but 
for the deep beam S = 4 and for the square beam S = 1. 
Let each be loaded to one-tenth of its breaking load, 
that is, let each sustain when cold an extreme fibre stress 
of 1,100 lb./sq. in. for which 7, = 0.10. Then 7, = 
2V%_ = 0.633 and f: = 27507, = 1740 ; both beams will 
fail at the same modulus of rupture, but after different 
times of endurance. The values of ¢ which will satisfy 
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equation (3) are—for the ne: bes 12.5 minutes 
for the square beam 16.8 minutes. | 
th 


In Table Z, columns (2) and (3) it will be noticed th 
though the deep beam fails a few minutes earlier 
the square beam when equally stressed, it carries at t 
stresses assumed twice the moment, or load, on 
square beam. To carry the same load at the s 
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Fig. B 


stresses, two square beams would be required embodyin; 
twice as much timber as one deep beam. Ifa deep bean 
and a square beam were used to carry the same load witt 
the square beam stressed as in column (3), the deep bean 
as shown in column’ (4) would sustain when cold ar 
extreme fibre stress of only 550 lb,/sq. in., or one 
twentieth of its breaking load. The endurance of thi 
deep beam would then be 19.6 minutes, which gives thi 
deep beam an advantage of nearly three minutes in fire 
endurance over the square beam. It thus appears tha 
the Conclusion drawn in Section VIII of the paper wouk 
have been better omitted. So far from adding to th 
really valuable results of the authors’ work embodiet 
in Table V and in Figs. 7 and 8, it merely introduce 
confusion. 


TABLE Z 
A comparison between the properties and fire- 
endurance of two beams of equal cross-section, 
a, and unequal ratios of depth to breadth, S. 


ae 


ae 
| Equal Stresses}. Equal Loads 


(z) (2), eS He hee 
Section (a4 = 16 sq. in.) 8 HILO 2in.| 4in. x 4in./8 in. x 201 
; 
Sree ie es As hp F I 4 
Tie 32 ub) 20.33 caal 10.67 21.33 
Working stress, = Fon a er ET OO 1,200: 550 
ee See Moment ss are 23,500 | 11,700 11,700 
"2 0: fo 0.10 0.05 
= 24/rs 0.633 | 0.633 0.448 
Moauiine 3 Rupture R= =— aot 
275 © ss = wee 4 1,749 | 1,740 | 1,230 
M; Wa . 
Z4=%, Zo = - 13-50 6.74 9-55 
: 
t, from Equation (3) ee Tae 16.8 19.6 


Mr. Lawson, in reply, said that in his opinion th 
was no serious difference between Dr. Hamilton 
treatment of the problem and that of the authors. H 
and his colleagues had made the tentative assumpti 
that the timber would retain its full strength un 
charring took place. This was used only to enable ; 
expression to be found having a form likely to fit 1 
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<perimental results. He saw little value in distinguish- 
i between 7, the section modulus after a time ¢ com- 
ared with the initial section modulus and 7, the load the 
eam would support after a time ¢ compared with the 
reaking load of the beam before test. 


Dr. Hamilton rightly pointed out the danger in 
xtrapolating outside the range of the experimental 
esults, but he thought that a square beam when loaded 
9 a given fraction of its ultimate load would give a 
onger fire endurance than that of any other beam 
imilarly loaded. Mr. Lawson agreed that a deep beam 
rould carry a greater load than a square-sectioned beam 
ven though they both had the same area of cross- 
action and that if one were concerned with the absolute 
yading of beams then the square cross-section would 
ot be the optimum shape. 


Since preparing the paper he and his colleagues had 
avestigated the fire endurance of timber beams in terms 
f the working load applied to them. A beam having 
| shape ratio “‘s’’ would carry a load 1s times as 
reat as a square-sectioned beam before failure. There- 
ore, if 7») is the load ratio for a square-sectioned beam 
hen the same working load will give a load ratio of 
o/ Vs for a beam having a shape ratio s. The effect of 
gad carrying capacity on fire endurance for beams of 
‘arious shape ratios can be found by replotting Fig. 6 
mith 79/1/s as a parameter. This graph is shown in 
fig. C._ For light loads (small values of 79/ \/s) there is 


Pas 
some advantage to be gained by using sections where s 
is about 2, but for beams carrying normal working loads 
.g., 79/2 = 0.1) the effect of shape is small within the 
practical range s < 5. The authors stated that since 
Preparing the paper they had produced a nomogram 
from which the fire endurance of a beam could be 
alculated : this is shown in Fig. D. ’ 
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Mr. T. BeDForD (Member) remarked it was somewhat 
of a platitude to say that theory followed practice but 
the paper seemed to be a good example of that view and 
he thought it was remarkable the way the author had 
produced the theoretical graphs and formule to line 
up so closely with the results of actual tests carried out. 
In Table 5 they would note that the difference between 
an estimated endurance of fire and the actual time for 
collapsing showed only a variation of about ten per cent. 
in six experiments. He thought that this difference 
between theory and practice was remarkably small and 
the authors were to be congratulated on their mathe- 
matical analysis. 


From the practical point of view they would have 
liked to have heard a word about the intensity of the 
heat on those beams. One imagined the heat varied 
considerably in an actual fire and they must have had 
some sort of temperature to work from in those tests. 
Could the authors give them any idea of how that 
temperature might be related to a temperature which 
one would expect in an actual fire ? 


The other question he would like to ask was concerned 
with the ideal shape of the beam. It seemed to him 
that at a meeting like this many would be getting lost 
in the higher mathematics of the problem, but they 
understood that the strength of a beam was proportional 
to the square of its depth or, alternatively, directly 
proportional to its width. Assuming the case of a 
gin, X 3 in. joist penetration on the soffit which reduced 
it by one inch reduced the strength by 25 per cent., 
whereas if there was an inch penetration on the sides 
of the beam the strength would be reduced by two- 
thirds (66 per cent.), which indicates that in practice 
they should give more consideration to the protection 
of the sides of the beams. 


Mr, AsuTon, replying to the points raised said that the 
questions about the fire were very important. They 
should stress the point that these experiments were 
carried out under controlled conditions of heat. There 
was a standard time-temperature curve for fire resistance 
tests and the portion of the time-temperature curve that 
had been used for these tests was the early stage when 
the temperatures were increasing very rapidly and 
approximated to the kind of rapid development that one 
got in the early stages ofa fire. It was not claimed that 
the actual temperatures did correspond. Fires varied so 
much in fact, and the standard time-temperature curve 
did not correspond to any particular fire, but was a 
standard of comparison to give a measure of how’ 
different structures would behave, 


Burn-out tests carried out in experimental buildings in 
the United States, however, had shown a correlation 
between the fire-load, i.e. the amount of heat in B.Th.U. 
per sq. ft. of floor area liberated by combustion of the 
contents of a room, and the duration of the standard 
fire test. 


The standard temperatures that had been followed in 
the tests gave a temperature in the furnace of just over 
700°C, in ten minutes and of about 850°C. in half an hour. 
The furnace that was used for the tests was large enough 
+6 heat a ceiling area of 10 ft. by 12 ft. and the beams that 
were made up of two joists with floor board occupied 
only the central strip of the furnace, the rest being 
covered with refractory concrete slabs. But the diffi- 
culty was in ensuring that the furnace did repeat fairly 
closely, in every test, the standard temperature. One 
difficulty with the furnace was that it was very sus- 
ceptible to atmospheric changes. The flue system was 
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rather unorthodox, so care was taken to ensure that the With regard to temperatures actually attained in fires, 
flue and the furnace walls were in about the same there was no evidence that the rate of charring of the 
3 condition prior to starting every test. Thus, before timber would be very different, even if the joists we 
beginning the series of tests a dummy run was taken on exposed to temperatures much higher than those in th 
the furnace one day and then followed with tests on furnace. Mr. Bedford’s point about the sides of the 
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. successive days.’ If there was a gap in the testing, the beam was a good one ; it was the width which was i 
next test started off with a dummy run, and it was found . — portant in contributing to fire endurance and protect 
that in this way the furnace was made to reproduce of the sides of a beam would improve fire endura1 
« . ian” 
1 fairly accurately the standard temperatures. considerably. \ Tote 


‘they had found, however, with ceilings of practically 
ll types tested, that when the flame broke through, very 
‘ittle of the protection remained in place on the soffits of 
he joists ; usually it fell away quite quickly and exposed 
he whole of the sides and soffit of the joists. 

eat’ y 

_ Mr. Maurice Hatt wanted to know about the nature of 
the ceiling and the temperature gradient through such 
protective coverings. The ceilings quoted in the paper 
were all good heat insulators so that actual flame 
denetration might be necessary before the temperature 
m the concealed side rose to dangerous heights. With 
netal ceilings such as those used by Woolworths, how- 
| it was conceivable that long before flame pene- 
ration had taken place the joists would have been 
sharred by heat conducted through the metal. Between 
these two extremes of ceiling there might be many—he 
was thinking of such things as hard boards—where there 
was doubt as to which would happen first : flame pene- 
ation or ignition by conduction. That, he thought, 
would be fairly important. 
_ Going one stage further|in that connection, sprayed 
upplications of vermiculite or asbestos might one of these 
lays become common practice in treating the underside 
af floors in old buildings of the warehouse type, especially 
where services made it difficult to put up a ceiling. 


_ To go back to the beginning, therefore; it did seem 
mportant that they should have some information on 
temperature gradients through various kinds of material 
df various thicknesses and then perhaps the authors 
sould give some more information as to the relative value 
af various kinds of protection. 


4 Mr. AsHTon thought that although Mr. Hall’s question 
covered a very wide field he could answer it partly as far 

the paper was concerned. The Joint Fire Research 
rganization had been dealing with ceilings of rather 
low performance and the question of conduction of heat 
hrough the ceiling did not arise because thé ceilings 
actually broke up or failed before the heat on the upper 
surface was sufficient to cause ignition. 


' Conduction of heat was the determining factor in tha, 


Hall mentioned and with these materials Mr. Ashton 
Beccs that ignition of the timber could occur while the 
selling was still in place. There was, however, another 
actor. Considering the ceiling of metalsheet with a direct 
plication of vermiculite or asbestos plaster which Mr. 
all particularly mentioned, there was a possibility that 
ie plaster adhesion would break down before the 
perature on the upper surface was sufficiently high to 
se ignition. The Joint Fire Research Organization 
not yet had direct experience of that type of ceiling, 
the problem of conduction was quite a minor one for 
e types of ceiling which were commonly. used with 
mber joists. 


r. B. L. Crark (Associate-Member), said he would 
to enlarge a little on the matter of the merits of hard 
d in relation to soft wood, so far as fire resisting pro- 
srties were concerned, and which had been raised by a 
vious speaker. - 2 
‘He récalled- two particular jobs. One was a large 
tniture-works-which had a large store of soft and hard 
bers, such as mahogany, teak, oak and the usual 
-etc., and he had been called in after they had 
ed a completely destructive fire. The whole of the 
twood had been destroyed, but the hardwood had 
en only partially destroyed, with a considerable 
al RI being badly charred. The depth of pene- 
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liculite or asbestos plaster type of ceiling that Mr. » 
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tration being about a quarter way through the boards of 
1d 1n. thickness, although similarly stacked. 


Recently he had had another case of fire, interposing to 
say that he had nothing to do with fire assessors or their 
like. 

This particular factory consisting of 15 bays, each 
20 ft. span, was entirely destroyed, it having been built 
entirely of timber of varying types, and covered with 
bitumen felting, the product inside in the course of 
manufacture being also of softwood. Some of the timber 
trusses of oak—it may have been English or some other 
type—however, remained in quite large pieces. 


On the question of Bye-Laws relating to fire-proof 
doors, the L.C.C. specified two inch teak in preference to 
any other hardwood ; and they would not allow the use 
of soft wood, indicating that there was a preference for 
hard wood where fire resisting qualities were required. 


Was there any means of fire-proofing timber by 
impregnation ? He recalled some method of treating 
timber with an alkali or something similar, which from 
records, seemed to retard the ignition point when in- 
flammable gas was given off. 


If we still used timber beams where fire resisting 
qualities were required, then he thought they would last 
considerably longer if they were clothed in a thin metal 
skin of say 20 gauge thickness, or some similar medium to 
reflect the heat and encase the inflammable gases, and 
thus preventing the complete ignition until the skin had 
completely disintegrated by melting. This would prob- 
ably result in the charring of the timber beam, but the 
strength would be maintained far longer. There was 
also that proprietary ply-wood faced with metal: did 
that offer much resistance to charring ? 

He would lke some further information on this 
question of hard wood, which interested him, because 
they had to erect within another building, a room where 
cellulose spraying would be carried out, and had con- 
sidered using teak or some similar West African hard 
wood due to the shortage of steel. It was hoped that 
this arrangement would meet the insurance company’s 
requirements. 


‘Mr. Lawson dealing with these points, said that’ the 
function of the metal facing was to disperse the heat 
from the point of application. If heat was applied to 
any point on a combustible material, the temperature at 
that point would rise ultimately to a temperature at 


‘which the timber would begin to break down and give off 


combustible gases. This temperature was about 270°C. 
If there was a pilot flame nearby then combustible gases 
would be ignited and the surface would begin to flame. 
The flames from that source would then transfer heat 
back to the unburnt wood and if the wood could be 
brought to the temperature at which it began to de- 
compose and give off combustible gases the flame would 
spread along the wood. If there was no pilot flame, the 
temperature at which ignition took place would be 
about 480°C. 

If one put a metal facing on the wood then the situ- 
ation was rather different. If the heat was applied 
fairly locally, then because the metal was a good con- 
ductor, the heat would be dispersed from the point of 


application and the temperature would not be raised 


enough, locally, to start the thermal decomposition of the 
wood. Even if combustible gases were liberated, the 
metal facing would act as a seal and separate the gases 
from the igniting source and prevent the wood burning ; 
it would only begin to char. A metal facing would not 
be effective in dispersing the heat if the heat were applied 
to all parts of the wood simultaneously, but while it 


=8 


218 


remained in position it would seal the gas given off from 
the wood and to that extent would be beneficial. 

Whether impregnating timber would increase its fire 
resistance depended on what was going to be stored in 
the room. 
materials then the temperature inside the room would 
rise to approximately the same temperature irrespective 
of whether the wood had been impregnated or not, and 


under those conditions the fire resistance of the beams > 


would not be very different from that of untreated timber. 
On the other hand, if the wood inside the room was 
predominantly treated wood, then some benefit would 
be derived. 

With regard to the second part of the question, Mr. 
Lawson said that there was some evidence on the com- 
parative behaviour under fire conditions of hard woods 
and soft woods from tests made under the same conditions 
on boards up to 2 inches thick of different species of 
timber exposed on one face to the standard furnace 
heating. The time of flame penetration did not vary 
significantly for the typical species tested. He would 
have deduced this result from theoretical considerations 
since the factor which determined the rate at which that 
temperature moved inward was the thermal diffusivity, 
that is the conductivity divided_by the product of the 
density and the specific heat of the wood. As the 
specific heat of all species of wood was the same, this 
limited the discussion to the conductivity and the density 
and they were interdependent. If the density was in- 
creased the conductivity of the wood was increased ; if 
the density was low, the conductivity was low and so, in 
as far as the quotient of these two remained constant, it 
would be expected that the rate of charring for the 
different woods would be similar. For a member such as 
a joist, exposed to fire on three faces, charring would 
occur at a certain temperature, probably the temperature 
at which the wood began to decompose, and if the heat- 
ing were continued the charring temperature would be 
reached at points further and further below the surface of 
the wood until after a time the beam would be charred 
away. 


Mr. C. F. DENNETT, Assistant Divisional Officer, Fire 
Prevention Branch, London Fire Brigade, asked if the 
authors of the experiments had data for roof members. 
All the data they had given were for beams with point 
loading. Had they ever experimented with roof mem- 
bers with a view to arriving at a figure which would 


ensure that secondary members of the roof would fall . 


first and not, as was so often the case, the principals 
collapsing first. 

Dealing with this query Mr. Ashton said they had not 
dealt with roof members at all. They were concerned 
solely with horizontal members as found in timber floors 
and they did not extend their recommendations to roof 
members which were a different problem. In the roof 
one got quite different sets of stress conditions and their 
predictions would not apply. 


A SPEAKER remarked that his question applied to the 
actual time of collapse. First he wondered what con- 
clusion the authors came to about the possible effect of 
the floor itself on the figures that they had given. He 
had in mind the possible difference between an airtight 
tongued and grooved floor and an open boarded floor, 
and specially the time of penetration through the ceiling. 

Secondly, the more important matter of the lateral 
stability of the joists. That was to say, bending the 
floor. Had they any case where the collapse time was 
affected or perhaps determined by the beams failing in 
twist rather than the failure by the technical description 
they had had that night, by a reduction in direct size ? 


If it was going to contain a lot of combustible ~ 
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They had had the comparable times of the theory 
the experiment. They had been told they were in cl 
agreement. Was there any evidence, later obtained, te 
compare them with actual floor collapse ? Were thos 
figures on the right lines in actual practice ? 

Finally had it been possible to investigate the effect 
a hose playing on the floor before it collapsed ? 


Mr. AsHTON said regarding the effect of the floor 
boards that the Joint Fire Research Organization hae 
realised this factor was quite important, and tongued an¢ 
grooved board did make a contribution to the endurance 
of the floor as a whole. The tests on beams which had 
been described were carried out with plain edge boarding 
laid with gaps so as to minimise the stiffening effect of 
flooring and to achieve a fairly uniform result. j 

The question of the lateral stability was important, but 
consideration had to be given to certain factors and all 
the variables could not be investigated. Experiments 
had not been conducted on the effect of lateral stability 
and failure in buckling. It was ensured that the speci- 
mens that had been constructed were adequately strutted 
to avoid failure in twist, which was not typical. 

Test results had been obtained with complete floors 
using both tongued and grooved and plain edge boarding, 
and there had been an increase in the fire resistance due 
to the stiffening effect of the tongued and grooved 
boarding. The stiffening effect could be a variable 
quantity because in an actual floor its value depended on 
the workmanship of the boarding. With time, also 
shrinkage of the boards might occur leading to open 
joints. The tests were on floors of sound construction, 
In practice, he considered that tongued and grooved 
boarding would not present such tight joints as in the 
test specimens. The difference between tongued and 
grooved and plain edge board would only appear in the 
time of collapse of the joists. He did not think that 
their observations had shown any difference between the 
time of failure of a ceiling used in conjunction with either 
type of floor board. 

The other question about relation to actual fires was 
another practical one. Generally, when a fire occurred 
there was no one present who was detached enough te 
make observations as to the duration of the floors or the 
behaviour of the structure, so the only evidence that 
could be obtained and relied on was a controlled experi 
ment conducted on a full-sized structure, and it had not 
been possible as yet to carry that out with a timber 
joisted floor. 

As to the effect of water, the application of a water jet 
is an integral part of the fire resistance tests of long 
duration (two hours or more) and was not required for the 
tests under consideration. He anticipated that the 
application of water would prevent any further de: 
terioration in the condition of the joists, and if collapse 
had not occurred when the water was applied then it wa: 
assumed that the structure would still be safe. 


ANOTHER SPEAKER Said he had been rather surprised tha 
Mr. Lawson had suggested that they should stress grade 
for fire resistance. It was rather difficult to get timbe 
merchants to stress grade at all and he thought the 
suggestion to do it from the point of view of fire might be 
impossible. 

There was one question he would like to ask. Due te 
the shortage of steel at the moment, many would want te 
build in timber and to get a fire resistance in a floor o} 
something more than the half hour that Mr. Lawson hac 
shown. He thought it had been suggested that the ey 
should use floors with a concrete pugging to givean hour 
fire resistance. He would ask his views:on that, it: 
advantages and its disadvantages in using that to bang’ 
building up to the hour classification. 
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_ The type of rendering of ceilings on timber floors. He 
had noticed that gypsum was used in many instances. 
Was there very much difference between gypsum applied 
to expanded metal and cement rendering as a finishing 
coat as far as fire resistance was concerned ? Was there 
any effect on steel due to the use of gypsum ? He knew 
there were two grades and it was probably very ap- 
propriate to make certain that they got the proper grade 
on a job : it was quite easy in the laboratory. 

He believed one speaker had spoken of the use of steel 


would use steel except for roof members and he did not 
think that very appropriate. Timber would obviously 
last a greater length of time than any protected steel 
work. Another speaker had mentioned the fire resistance 
‘of stacked soft wood and stacked hard wood. He had 
been wondering in that case, as Mr. Lawson had pointed 
out that there was not much difference in the resistance 
to fire as between hard and soft wood, whether it was not 
really a question of stacking. In that particular in- 
stance had the soft wood been stacked with greater 
spaces between it than was the case with the hard wood, 
and so made it easier for thé fire to penetrate ? 


_ Mr. Lawson said he had to dissent from any recom- 
mendation that timber should be fire graded. He 
would not like to suggest that any more restrictions 
should be imposed than there were at present. He 
thought he had said “ If one were going to do that...” 
which was quite different. 

_ On the question of designing floors to give a high fire 
Tesistance, it would be preferable to spend money on 
improving the ceiling rather than increasing the size of 
the beams. If the beam were pugged, that would be one 
very good way of increasing the effectiveness of the 
ceiling. 

_ Mr. Asxton, who dealt with the portion of the question 
‘relating to the use of plaster on expanded metal, said that 
‘a series of experiments had been carried out, with as 
nearly as possible the same conditions, on different 
plasters, and almost no difference had been found 


‘between the performance of lime/cement plaster and . 


gypsum plaster on metal lath with the normal methods of 
fixing. The trouble was that usually the full fire 
‘protective value of the plaster was not developed be- 
cause the fixing came away unless the metal lath was 
‘given a suspension and fixed to the sides of the joists. 
The staples of nails which fixed the lath to the soffit came 
away and let the ceiling down asa whole, and the time at 
which that occurred was approximately the same for 
gypsum as for a lime cement. 


_ Special measures, such as side hangers screwed to the 


sides of the joists or a plaster incorporating vermiculite, 
‘were needed to obtain an hour’s fire resistance. A lime 
cement or an ordinary gypsum plaster on a suspended 
ceiling would be sufficient if a light pugging was used and 
‘it had been found that for this purpose mineral wool was 
very effective, and using this mineral wool, up to two 
hour’s, fire resistance could be obtained with a suspended 
ceiling of that form. 


> 


_ Mr. M. Cuapwick, expressed his thanks for being 


allowed to attend that meeting and said he had been 


‘closely associated with Mr. Clarke and his people at the 
D.1.S.R. for some time. He was very interested in the 
question of the attempt to protect timber from fire. 


'f Mr. Lawson, he understood, had expressed some doubt 
as to whether one could satisfactorily protect timber by a 
etal casing. He was inclined to agree whole-heartedly 
ith him because of the problem of conductivity which, 
1e thought, had probably escaped notice. On that side 
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and timber, but he did not think anyone in any building » 
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of the question most of the Fire Service approved the 
splendid protection afforded by the two inch teak door 
and they probably regarded that as a better means of 
preventing fire spread than even steel. 

The point he wished to raise was the conductivity of 
metal itself. Those in the services who had been dealing 


_ with fires en ships or in steel houses could appreciate the 


great problems encountered due to conductivity through 
metals. 

In the case of ships, beams and bulkheads were all 
steel and one would consider them fairly fire proof, but 
the facts of the case showed that this was not so. Instead, 
the heat conductivity of the steel tended to set fire to the 
paint work and similar combustible materials on the 
other side of the metal and hence produced a very rapid 
spread of fire. 

He said that Mr. Lawson had not amplified this point, 
but there was something to be said for the use of good 
hard wood, inasmuch as it did not have the failings of 
steel, such as collapse and expansion, and above all by 
the fact that it did not conduct heat to other parts so 
rapidly as steel. The problem in steel houses which we 
had come up against was the terrific spread of fire and 
heat through the steel frames and steel sheets of the 
houses. They had to do something to insulate against 
heat and stop it travelling through the steel and it was 
doubtful if they could protect timber satisfactorily with 
light steel facings. 


Mr. Lawson in reply said he thought there was very 
little to add to what he had said previously with regard to 
the protection of wood by steel facings. This certainly 
did assist in preventing ignition taking place. Once the 
fire had become well established, so that the metal was 
heated all over, then it could not act as a disperser of the 


. heat : the heat was rapidly conducted through to the 


wood and the wood would char. 

With regard to metal construction, steel itself was an 
unsatisfactory material in fire. If one had a steel 
column inside a building which was unprotected, then it 
would fail after a matter.of ten ninutes. Wherever 
steel was employed some sort of insulation had to be used 
round it to protect it from heat, otherwise the steel 
would soon reach a temperature at which it lost strength. 
One had always to encase steel in some form of poor 
thermal conductor in order that the temperature should 
be kept down, otherwise the steel would fail quickly. 


Mr. D. N. MitcHeti (Member), said that he did not 
think they need be concerned much at present whether it 
was a good thing to case floor joists in thin steel plate, 
since steel was in such short supply. Had any thought 
been given to alternative materials which might be used ? 
Had the authors, or any of their associates, carried out 
similar tests on prestressed concrete joists, and if so 
what was the fire endurance of these ? 


Mr. LAwson mentioned that the covering of joists with 
metal would be mainly effective in preventing ignition. 
It was much better to cover the timber with something 
that was not a good conductor of heat. The thermal 
insulation applied to wood stopped the heat reaching the 
wood and therefore prevented ignition. 

With regard to prestressed concrete, the Joint Fire 
Research Organization had carried out some tests to find 
out under what circumstances prestressed concrete did 
completely fail in a fire. The aim was, in the first place, 
to find the minimum kind of protection that would be 
necessary and also to find what particular conditions and 
degree of restraint would favour spalling. 

Closing the meeting, the Chairman thanked the 
Authors for the way in which they had answered the 
questions raised in the discussion. 
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Institution Notices and Praceeeee 


FORTHCOMING MEETINGS © 


The following meetings will be held at 11, Upper | 


Belgrave Street, London, $.W.1. 


Thursday, October oth, 1952 


Presidential Address, by Mr. E. Granter, B.Sc.(Eng.), 
M.AI.C.E., M.I.Struct-E.;at 6p.m. 


Thursday, October 23rd, 1952 


Ordinary General Meeting for the election of members 
at 5.55 p.m., followed by an Ordinary Meeting at 6 p.m., 
when Mr. A. J. Harris will give a paper on “‘ Prestressed 
Concrete Hangars at London Airport.” 


JANUARY, EXAMINATIONS 


The Examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 
‘January 6th and 7th, 1953 (Graduateship), and January 
8th and gth (Associate-Membership). 


EXAMINATIONS 


PREPARATION FOR THE EXAMINATIONS OF THE INSTITU- 
TION BY ATTENDANCE AT TECHNICAL COLLEGES 


A candidate for Graduateship or Associate-Membership 
may be able to attend a technical college ; these notes 
are intended to:guide him in Be sar the most suitable 

- instruction. 


PREPARATION FOR THE GRADUATESHIP EXAMINATION 


Technical Colleges offer : . 

(a) Full-time courses for degrees or Higher National 
Diplomas in Building or Engineering. 

(b) Part-time day or evening courses for Higher 
National Certificates in Building or Engineering. 

If he obtains a Higher National Certificate or Diploma 
complying with Appendix II, Section V, of the Regula- 
tions Governing Admission to Membership, the candidate 
will be exempted from the Graduateship Examination. 

Alternatively, he may study subjects selected from the 
available courses and sit the Graduateship Examination. 


At technical colleges courses are usually available in - 


Building Science or Engineering Science, Strength of 
Materials, Theory of Structures and Surveying, but 
students dre not normally allowed to select subjects 
from National Diploma or Certificate courses unless 
they can show evidence of sound training in more 
elementary studies. The advice of the College Authori- 
ties should be followed. 


PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 


At some technical colleges there are part-time courses 
in Structural Engineering which cover the syllabus of the 
Associate-Membership Examination. At other colleges 
the candidate.must rely on Higher National Certificate 
courses or on advanced courses in Building, Civil En- 
gineering or Municipal Engineering ; these cover only 
part of the requirements for the Associate-Membership 
Examination. 

Colleges in the first category provide at least two years 
of instruction in Theory of Structures and in Structural 
Engineering Design and Drawing up to Associate- 


The «Structural Engi : 


Membership standard. They also give instruction i 
Structural Specifications, Quantities and Estimates. 

The Colleges which have informed the Institutio 
that courses in Structural Engineering are available are” 


Belfast College of Technology. 
Birmingham College of Technology. t 
Bolton Municipal Technical College. : 
Bradford Technical College. ’ 
Derby Technical College. 3 
Dudley and Staffordshire Technical College. 4 
Glasgow Royal Technical College. A 
City of Liverpool College of Building. ‘4 
L.C.C. Brixton School of Building, S.W.4. a 
L.C.C. Hammersmith School of Building and Arts 
and Crafts, W.12. : 
Manchester College of Technology. g 
Middlesbrough, Constantine Technical College. 
Salford Royal Technical College. 
South-West Essex Technical College, Walthamstow, 
Tae 
Stockport College for Further Education. 
Willesden Technical College, N.W.10. : 
Colleges in the second category provide instruction in 
Theory of Structures’ from which the student may 
reach Associate-Membership standard, but instruction 
in Structural Engineering Design and Drawing and im 
Structural Specifications, Quantities and Estimates is 
not usually so complete. The colleges which have 
informed the Institution that such courses are avalanae 
are :— 
Brighton Technical College. 
Cardiff Technical College. i 
Huddersfield Technical College. ‘ 
Leeds College of Technology. 4 
London, Battersea Polytechnic, S.W.1I. 
London, Northampton Polytechnic, E.C.1. 
L.C.C. Westminster Technical College, S.W.1. f 
Plymouth and Devonport Technical College. 
Preston, Harris Institute. 
Wigan Mining and Technical College. 
Woolwich Polytechnic, S.E.18. : 
Students attending colleges in the first category are 
advised to take the organised courses in Structural 
Engineering. Students of Graduate Membership stand- 
ard will usually be allowed to select subjects from 
courses provided by colleges in the second category. 
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RESEARCH AWARDS 


The Council have instituted a Research Prize Fund, | 
from which awards may be made annually to the author. 
or joint authors of papers describing original research 
which they have carried out. Research awards may 
be made for papers read at Headquarters or in the 
Branches and published in the Journal, or for papers 
published in the Journal only without being read at an 
open meeting. 

The assessment for such awards will be made annually, 
but awards will be made only to the contributors of such 
papers as reach a standard judged by the Literature 
Committee to be satisfactory. 

Work submitted under this scheme must be original 
and may include any of the following :— - 


(a) investigations of an experimental or analytical 
character ; 
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i studies of historical or statistical records ; 

‘(c) improvements in principles or Leads oF con- 
ruction ; 

(@) research into methods of structural engineering 
ad building, the nature and use of plant and the 
rganisation of engineering work ; 

(e) any related or combined Schdlies which are deemed 
y the Literature Committee to be of a research 
haracter. 


In cases where the research work described in . tha 
vaper was'not the work of one individual, the names of 
Il the collaborators should be given in the paper. | 
Awards may take any or all of the following forms 2 
\ research medal:;.a-diploma ; a money prize. 

Application ff consideration for a research award 
aust be made to the Secretary of the Institution, and in 
eparing papers for reproduction in the Journal, authors 
aust comply with the conditions laid down for all such 
ontributions. Particulars of these conditions may be 
ibtained from the Secretary. 

In judging research papers, the Doe factors: ml 
ye considered :— 

(a ) the nature of the subject a) its conclusions ; 

_ (b) the value of the paper in advancing the science 
ind art of structural engineering ; 

' (c) the standard of preparation and orderly arrange- 
nent of the subject-matter. 

Research papers will also be eligible for adjudication 
for the Institution Medals if they comply with the 
Regulations governing those awards. 

The closing date for the receipt of applications in 
respect of papers published in the Journal between 
October, 1951, and September, 1952, is October 31st, 


1952. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


_ A visit has been arranged to Battersea Power Station 
on Saturday, September 6th, at 10 a.m. The party will 
meet at the Kirtling Street entrance at 9.45 a.m. (Kirt- 
ling Street is a turning off Battersea Park Road). As the 

ty is limited in number, members wishing to attend 
are asked to inform the Honorary Secretary as soon as 
possible, and unless they hear to the contrary, this 
notification will secure a place in the party. 

Hon. Secretary: C. Allen Brown, 43, Coolgardie 
Avenue, Highams Park, London, E.4. ; 


BRANCH NOTICES 

LANCASHIRE AND CHESHIRE BRANCH 
t The constitution of the Branch Committee for the 
Bession 1952-53 is as follows :— 

~ Chairman - W. Bates (Member). 

Vice Chairman : Professor J. A. L. Matheson, MBE, 
(I (Member). 
_ Immediate Past-Chairman : R. Gray (Member). 
Hon. Secretary : A. S. Sinclair (Associate-Member), 
'28, Kenwood Road, Stretford, Lancs. 
3 Bon: Assistant Secretary : M. D. Woods (Graduate). 
- Hon. Auditors: F. Walkden (Associate-Member), 
. Norrey (Associate-Member). 
_ Committee: W. D. Blades (Member), A. V. Booth 
Member) (Past Chairman), F. C. Brookhouse (Past 
hairman), S. Gleaves (Member), J. B. G. Martin (Mem- 
ser), P. Mather (Member) (Past Chairman), J. H. Morris 
Member), G. A. Davis (Associate-Member), G. Greenlees 
\ssociate-Member), D. D. Mathews (Associate-Member), 
. Norrey (Associate-Member), A.-E. Wright (Associate- 
er ber). 
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The opening meeting of the Session will be held on 
October 7th, and will be attended by the President and 
Secretary of the Institution. - 


ee! ‘MIDLAND COUNTIES BRANCH 
The constitution of the Branch Committee for the 


Session 1952-53 is as follows :— 


Chairman : H. J. Morris, M.B.E. (Member). 


Vice-Chairmen : G. E. Marsden (Member), W. bit 
(Member). 


Hon. Treasurer : H. Ferrington (Member). (Past 
Chairman). 

Hon. Auditors : L. P. B. Arthur (Member), E. Jones 
(Associate). 


Hon. Secretary : L. A. Firminger (Associate-Member), 
656, Chester Road, Erdington, Birmingham, 23. 

Hon. Assistant Secretary : J. C. Billington (Associate- 
Member). 


Acting Hon. Assistant Secretary, Derby District *>O..W. 


~ Jones (Member). 


Commnuttee : J.W.H. Chattaway (Member), W. D. Christie 
(Member), A. T. Clark (Member), E. R. Deeley (Asso- 
ciate-Member), B. D. Evans (Member), R.. J. Fowler 
(Member), L. J. Griffiths (Associate-Member), G. Kilner 
(Member), W. J. N. Mayo (Associate-Member), F. B. 
Watson (Member). 

Ex- officio Members of Committee : Member of Council. 
B. C. Britton (Associate). All Subscribing Past Chair- 
man (who are members of the Branch). 

The Branch Annual Dinner will be held at the Botani- 
cal Gardens, Birmingham, on Saturday, October 11th. 

The opening meeting of the Session will take place on 
Friday, October 24th. The President and the Secretary 
of the Institution will attend on both occasions. 


GRADUATES AND STUDENTS’ SECTION 


The Committee for the Session 1952-53 is as follows :— 
Chairman :S. M. Cooper (Associate-Member). 
Vice-Chairman : J. E. Taylor (Graduate). 


Hon. Secretary : F. G. Fletcher (Student), 60, Brean 
Avenue, South Yardley, Birmingham, 26. 


Hon. Assistant Secretary : J. S. Allen, A.M.I.C.E. 


(Graduate). 


Committee : C. B. Brewington, B.Sc. (Graduate), P. J. 
Clark (Student), M. H. Evans, B.Sc. (Graduate). 

The opening meeting of the Session will take place on 
Thursday, October 30th. 


NORTHERN COUNTIES BRANCH 


The opening meetings of the Branch will be held at 
Middlesbrough on Tuesday, October 14th, and at New- 
castle on Wednesday, October 15th, when the Chairman’s 
Address will be given by Mr. A. V. Buttress. The meet- 
ings will be attended by the President and the Secretary 
of the Institution. 

Hon. Secretary: Jan MacGregor, M.[-Struct.E., 
Messrs. H. Pickup, Ltd., Roscoe Street, Scarborough. 


_ NORTHERN IRELAND BRANCH 
The constitution of the Branch Committee for the 
Session 1952-53 is as follows :— 
Chairman : M. C, Gillies (Member). 
Vice-Chairman : Major M. T. Shaw (Member). 
Immediate Past Chairman ; Howard Harding (Member). 


Hon. Auditors : W.S. Benton (Retired Member). W. A. 
Plester (Associate-Member). 
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Hon. Secretary :S.G. Duckworth (Member), “ Lisleen”’ 
13, Finaghy Road North, Belfast. 

Hon. Assistant Secretary : J. M. C. Tyack (Associate- 
Member). : 

Committee: L. Clements (Associate-Member), R. 
Montgomery (Associate-Member), T. A. N. Prescott 
(Associate-Member), A. H. K. Roberts (Member), R. J. 
N. Sweetnam (Graduate). 


The opening meeting of the Session will be held at the | 


C ollege of Technology, Belfast, on Tuesday, October 7th, 
at 6.45 p.m., when the Chairman’s Address will be given 
by Mr. M. C. Gillies (Member). The meeting will be 
preceded by tea at 6 p.m. at the Overseas League 
Premises, Wellington Place, Belfast. 


SCOTTISH BRANCH 


The opening meeting of the Session will be held on 
Monday, October 27th, and the Annual Dinner on 
October 28th. The President and the Secretary of the 
Institution will attend. 

Hon. Secretary :D.G. Drummond, B.Sc., M.I.Struct.E. 
A.M.I.C.E., 11, Woodside Terrace,-Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 


The Annual General Meeting of the South-Western 
Counties Branch was held at Plymouth on Friday, May 
16th, when the following Honorary Officers and Com- 
mittee members were elected for the Session 1952-53 :— 

Chairman : L. ¥. Vanstone (Member). 

Vice-Chairman : F. J.. Powell, M.B.E. (Associate- 
Member). 

Hon. Secretary and Treasurer: .W. Howells (Member), 
c/o Messrs. T. Harding & Sons, Ltd., 10-12, Market 
Street, Torquay, Devon. 

Assistant Hon, Secretary : C. J. Woodrow (Graduate). 

Hon. Auditors : H. J. Scoles (Member), and J. C 
Peters (Associate). 

Commattee: Col. F. J. Dean (Associate-Membet), A. C. H. 
Harris (Associate-Member), F. M. Upson (Associate), 
W. C. Tyler (Associate-Member), H. Toft. (Associate- 
Member), H. W. G. Miller (Graduate), Colonel R. Hazzle- 
dine, O.B.E. (Member), F. W. Potter (Associate-Member). 

The opening meeting of the Session will be held at the 
Duke of Cornwall Hotel, Millbay, Plymouth, on Wednes- 
day, November 5th, and will be attendéd by the 
President and the Secretary of the Institution. 


WESTERN COUNTIES BRANCH 


The constitution of the Branch Committée for the 
Session 1952-53 is as follows :— 

Chairman ; KE, N. Underwood (Member). 

Vice-Chairman : N.G.T. Ball (Member). = 

Hon. Vice-Chairman : Ewart S. Andrews (Past 
President). 

Past Chairmen : Gower B, R. Pimm (Past President), 


Professor J. F. Baker, O.B.E. (Member), C: H. Williams . 


(Member), C. J. D. Boxall (Membér), P. C, Girdlestone 
(Member), Professor A. G. Pugsley, O.B.E. (Member). 

Hon. Secretary : E. Hughes (Associate-Member), 39, 
Effingham Road, St. Andrew’s Park, Bristol, 6. | 

Hon. Treasurer : E. K. Fennell (Associate-Member). 

Hon. Auditors ; F. A. Long (Member), and J. M. Rome 
(Member). 

Committee : R. H. Barnett (Member), F. G. Clarke 
(Associate-Member), J. W. Lorraine (Member), G. F. 
Poppleton (Associate-Member), C. E. Saunders (Member), 
Lt. Col. E. Ward, T.D. (Associate-Member), R. L. 
Bourqui (Associate-Member), G. -C..Mander, M.B.E. 
(Associate-Member). 


The Structural Engine 


The opening meeting of the Session will be held in the 
University of Bristol Geology Lecture Theatre on 
October roth, at 6 p.m., when the Chairman’s Addre 
will be given by Mr. E. N. Underwood (Member). The 
President and the Secretary of the Institution will ated 
the meeting which will be aa by tea at 5 p.m. a 


re ee AND MONMOUTHSHIRE BRANCH 4 


At the Annual General Meeting of the Wales and 
Monmouthsliire Branch, held at the South Wales 
Institute of Engineers, Cardiff, on Tuesday May 6th, 
1952, the following Honorary Officers and Committee 
were elected :— 

Chairman: Colonel R. D. Heseltine, T.D., DL, 
(Member). -_ 

Senior Vice-Chairman : 
C.B.E, (Member). 

Junior Vice-Chairman : T. B. Richard* (Member). 

Honorary Secretary.: G. R. Brueton (Associate- 
Member). 2, Celtic Road, Gabalfa, Cardiff. 

Asst. Honorary Secretary ‘for North Wales : S.C. Brown 
(Associate-Member). 

Honorary Auditors 
(Associaté-Member). 

Committee : G, H. Hodgson* (Member), W. A. Evans* 
(Member), A. G. Thompson* (Member) (Past Chairman), 
D. Manolopoulos* (Member), Dr. A. A. Fordham* (Mem- 
ber), A. V. Hooker (Associate-Member), E. O. Jones (Mem- 
ber), J. E. Jenkins (Associate-Member), H. V. Morris 
(Associate-Member), J. L. Bannister (Associate- -Member), 
W. D. Hollyman (Associate-Member), K. J. Stewart 
(Associate-Member), E. R. Steward (Associate-Member), 

The opening meeting of the Session will be held at 
Cardiff on Friday, October 17th, when the Chairman’s 
Addregs will be given by Colonel R. D. Heseltine (Mem- 
ber). The meeting will be attended by the President and 
the Secretary of the Institution. 


Professor W. N. Thomas,* 


: H. G. Hope and G. W. Spooner 


| 

YORKSHIRE BRANCH ' 

The opening meeting of the Session will be held on 

Thursday, October 30th, and will be attended by the 
President and the Secretary of the Institution. 

Hon. Secretary : E. Wrigley, A.M.1.Struct.E., 17, The 


Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH - 


At the Annual General Meeting held on May 28th, the 
following Honorary Officers and Committee Members 
were elected :— 

Chairman : Dr. A. J. Ockleston (Member). 

Vice-Chairman : F. F. Binswanger (Member). 

Hon. Secretary : A. E. Tait (Associate-Member). 

Committee : D. R. Ryder* (Member), C. A. Pringle 
(Member), C. A. Rigby (Member), J. G. Hay (Member) 
Gi M. Frost (Member), T. Breslin (Associate-Member) 
D. D. Thorp (Associate-Member), E. Kretzschnal 
(Associate-Member). 

Hon, Secretary, Natal : 
Member). 

Hon. Secretary, Cape : R. Stubbs (Associate-Member) 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E., 
A.M.I.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted in the City En- 
gineer’s Department, City Hall, Johannesburg. ”’Phone 
34-1111, Ext. 257. : 

Natal Section Hon. Secretary: E. G. Bennett, 
A.M.1.Struct.E,, c/o Reinforcing Steel Co., Ltd., P.O} 
Box 49, Merebank, Durban. 


E. G. Bennett (Adsocialil 


*Past Chairman : ; 
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: eC ape Section Hon. Secretary : R. Stubbs, M.1.Struct.E., 
P.O. Box 1692, Cape Town. 


Be. ‘CORRESPONDENCE 
The Institution, whilst being at all times pleased to open 
its columns.to correspondence, cannot accept any respon- 
sibility for the opinions expressed. 4 
ANALYSIS OF CONTINUOUS RIDGED PORTAL FRAMES 
To the Edito¢ of THE STRUCTURAL ENGINEER. 
Sir, at 

The papet by Mr. Markland* is of considerable interest 
in giving i aplication of relaxation methods to a multi- 
bay gabled framework. 
im. Lhe: peg tion to simpler problems is very clearly 
explained but I believe the paper would be even more 
valuable if the solution of a general problem had been 
given. 


ae 


*The Structuval Engineer, Vol. XXX No. 5, pp. 101-108, May 1952. 


Book 


- Beton Precontraint, by Y. Guyon. Preface by 
E. Freys#inet. (Paris: Eyrolles, 1951.) ~Pp. 728, 
Io in. X 7 in., 503 Figs. 4,500 Fr. 

As the atithor points out in the preface, prestressing 

is a general principle which may be employed by different 
Means in a great variety of cases. To write a complete 
treatise on the subject seems to be an impossible task. 
The purpose of the author is to develop general principles 
by analysing a few applications in detail and to describe 
the methods of execution which may be adopted for 
other applications. The present book, comprising 700 
pages, is the first volume of a comprehensive work on 
the subject. 
_ Apart from short references to the systems: Magnel, 
‘Baur-Leonhardt and Chalos, the author has confined 
himself to the methods developed by Freyssinet. He 
‘considers that there are no other inventors in the field 
of prestressed concrete. ‘‘ Il ya la PRECONTRAINTE 
ét la Précontrainte c’est FREYSSINET ’’! 

The book is divided into three parts, which contain 
altogether 18 chapters. In the first part the principles 
of prestressing are explained and illustrated by examples. 
Full details are given of various sizes of Freyssinet 
‘cables and cones which may be considered as standard- 
ised. Data on the creep of concrete and of various 
types of steel and on the loss of prestress due to friction 


based on experimental results are included. The chapter ° 


‘on fire resistance contains particulars of tests on three 
different types of floors carried out at the Building 
Research Station. It is rather surprising to find details 
_of these important tests first published.in a French book. 
_ Of great interest is the analysis of stresses in the 
‘neighbourhood of anchorages (in the case of post- 
tensioned beams) and near the ends of pretensioned 
_beams where the prestress is. gradually transferred to 
the concrete by bond. For both cases a simple method 
‘is developed for determining the reinforcement which 
‘is necessary to prevent cracking at the ends of the 
beams. 
_ The second part deals with the ‘‘ elastic” design of 
‘statically determinate straight beams of constant and 
‘variable depth. The term “ elastic’’ design means 
that a straight line distribution is assumed and only 
“uncracked sections are considered. The method adopted 
is one by trial and error and the section is deemed to be 
satisfactory if under the limiting conditions (i.e., dead 
‘load only and, dead + live load) certain permissible 
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A practical problem will invariably include an un- 
symmetrical load on the rafters, and quite a large pro- 
portion of practical designs are of north light or other 
unsymmetrical form. 

In these latter cases the considerable degree of simpli- 
fication present in Mr. Markland’s solution is lost. Not 
only is the calculation of the fixed end constraints much 
more difficult, but so is the calculation of the operations 
to relax them. There is also the question of how best to 
obtain the value of the bending moment at the ridge 
joints. ; 

Members present at the January meeting of the Insti- 
tution will recall that the complete solution of a five bay 
unsymmetrically loaded north light framework was 
presented. I believe that the full power and value of the 
relaxation approach is only seen in such more difficult 
general cases. 

Manchester, 
16th May, 1952. 


Yours faithfully, 
A. BOLTON. 


Reviews 
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concrete stresses are not exceeded. It is realised, 
however, that this in itself does not guarantee an 
adequate factor of safety and the last two chapters are 
devoted to ultimate load conditions, for which a cracked 
section with a plastic distribution of the concrete 
stresses ‘is assumed. The author points out that the 
structute must have an adequate factor of safety 
against “failure and that structures where the tensile 
resistance of the steel exceeds the compressive resistance 
ofthe concrete (known in this country as “ over-rein- 
forced ’’’) are disadvantageous. He emphasises that 
such sections should be used with caution since their 
safety depends on the quality of the concrete, which is 
erratic. 

The design of post-tensioned beams with positive 
anchorages where the prestressing force is counteracted 
by the dead weight of the beam, and the design of pre- 
tensioned beams with bonded wires where the favourable 
effect of the dead weight cannot be taken into account, 
are treated separately, or post-tensioned beams the 
notion of a “ critical span ”’ is introduced, which depends 
on the live to dead load ratio and the permissible concrete 
stress under the design load. If the span does not 
exceed this limit, the carrying of the dead weight “‘ does 
not cost anything,” since it only affects the eccentricity 
of the cables. In the case of bonded wires great im- 
portance is attached to their “even”’ distribution in 
the section. It is demonstrated by several examples 
how this can be achieved either analytically or graphic- 
ally. . 

In the third. p&rt three large-scale tests on post- 
tensioned beams and @ great number of tests on smaller 
pre-tensioned .beams With bonded wires are described 
and analysed. Tests in shear are also included. The 
results are summed up in the last two chapters with a 
view to establishing general principles regarding the 
security of prestressed beams. 

It may be seen from this short survey that the book 
contains a vast amount of material hitherto unpublished, 
very useful to designers of prestressed concrete struc- 
tures. Nevertheless, there are several essential points 
about which the reader must be warned. One is the 
principle of distributing the wires over the whole cross- 
section in pre-tensioned beams. The author takes it 
as granted that this is necessary, in contrast to post- 
tensioned beams. Actually there is no reason for such & 
distribution. Even if no tensile stresses are allowed 
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under the effect of prestressing, which is an arguable 7 


requirement, this can be achieved in a more efficient 
Way (Le., with less steel) than in M. Guyon’s examples, 
as proved by many jobs carried out in this country. 

The amount of steel to be provided is governed by 
ultimate load conditions. According to M..Guyon, and 
with notations used in this country Mur = .gxd x 
Ags Staite < 


Here d denotes the distance of the centre of gravity 
of the steel from the compressed edge. In the case of a 
rectangular cross section with evenly distributed rein- 


2p 


forcement and no tension at the top,d = — 


3 


The equation is given both for pre-tensioned and post- 
tensioned beams, disregarding the question of bond for 
the latter. It is based on the assumption that bonded 
wires near the neutral axis develop their ultimate 
strength just the same as wires at the bottom. This 
assumption is apparently justified by test results, 
because in beams where the reinforcement is concen- 
trated as far as possible from the compressed edge, the 
calculated tensile stresses at failure generally exceed the 
ultimate strength of the wires as obtained from tensile 
tests in the air. 


Whilst the adoption of an even distribution of the 
wires has no other but economic disadvantages, it may 
be dangerous to rely on M. Guyon’s equation in the case 
of non-bonded or inefficiently grouted cables or in cases 
where losses of prestress due to friction occur. 


Even for pretensioned beams the coefficient of .g 
is not always applicable. It may be more or substan- 
tially less, depending on the relative strength of the 
tensile and compressive zones, but for post-tensioned 
beams it may lead to a gross over-estimation of the 
ultimate load. 


Apart from many experiments carried out in this 
country which confirm this statement, M. Guyon’s 
second example of large-scale tests on post-tensioned 
beam shows that his formula is not applicable indis- 
criminately to post-tensioned beams. The maximum 
bending moment on this beam was 93.2 tm. Although 
the beam did not fail completely some damage to the 
concrete was observed. The load-deflexion diagram 
indicates that a further increase of the load.would have 
hardly been possible. Using the formula quoted 
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Mut = .«g X (.7o8—.059) X I4I0 X 


=T115.3/m, 
I000 


23-5 per cent. more than obtained in the test. (This 
comparison is not given in the book.) 


In his third example of a post-tensioned beam, 
M. Guyon himself shows a deficiency of 6 per cent. 
against the theoretical value, although a simplified 
formula should be on the safe side. On the other hand, 
in the first example the test load exceeded by 20 per-cent. 
the theoretical load at which the steel should have 
failed. If allowance is made for the contribution of the 
mild steel in the bottom flange, the excess is still 12.5 
per cent. The explanation of this surplus load-bearing 
capacity given by the author is not at all convincing and 
one has to doubt the reliability of the measurement of 
the load which was applied by four hydraulic presses. 

In estimating the ultimate load of prestressed beams 
it is essential to realise the difference between bonded 
and not bonded wires. Even if the applied prestress 
is as high as 8o per cent. of the tensile strength of the 
wires (as seems to be standard practice in France) one 


mee The Structural En gi 
cannot expect to reach the ultimate strength of the 
wires if the bond is not efficient. F 


It is a pity that the book is marred by many printers 
errors and that it does not contain an alphabetical index 
which would greatly facilitate its use. However, in 
spite of its shortcomings it is a very useful book, which 
should be carefully and eritically studied by every 
engineer engaged on the design of prestressed concrete. 


K. H.-K.@ 


The Displacement Method of Frame Analysis, b 
G. P. Manning. (London: Concrete Publications.), 
1952. 128 pp. gin. x se in. bis, 


of “Concrete and Constructional Engineering ”’ will” 
already have had preliminary notice of this method of _ 
analysis, by reason of the author’s recent contributions 
in that journal, and they will welcome publication of 
his system in the form of a book such as this—well- 
produced, convenient in size, and moderate in price. 
For those who have not had this introduction to Mr, 
Manning’s method, and would like to place it in the 
genealogical tree which issues from the slope-deflection’ 
equations, it may be described as next-of-kin to that 
recently expounded by Mr. A. Bolton at an ordinary 
meeting in the Session 1951-52, and published in the 
January, 1952, issue of this Journal. 
The author takes the displacement of the joints in 
rotation as the variables in his equations, together with 
the lateral displacements if there is sidesway. The 
equations are derived from a system of deformatior 
patterns in which each displacement is conside 
separately. For the most part the problems work 
out involve only three or four equations, so that there 
is never any serious difficulty in obtaining solutions. If 
the matter had been treated as an academic exerci 
one might well have asked what should be done wh 
the number of equations is large, as it may well be in 
theory. The answer is that the author is dealing 
throughout with practical “design problems in which 
‘only those members near the loaded member are 
appreciably affected,” or for which “ die-away ”’ factors 
can be readily computed or estimated. This is sound 
commonsense, because the hypothetical problems con- 
jured up to exhibit methods of dealing with the Hardy 
Cross nightmare of slow convergence have usually ve 
little connection with good engineering design. 
commendable feature, not often met in books of this 
weight, is the treatment of members of non-const 
section in which full explanations are well supported 
by design charts. 
E.n ie 


Resistance Strain Gauges : Their Construction 
and Use, by J. Yarnell, B.Sc., A-Inst.P. (London : - 
Electronic Engineering, 1951.) 83 in. x 5$in. 128 Pp. 
12s. 6d.  -. 

This book aims at giving a critical introduction to_ 
the subject of the use of wire resistance strain gauges me 
experimental engineers and designers and to young 
workers beginning their training. 


The author deals in a practical manner with ‘the 
construction and application of resistance strain gaugé 
and with the most commonly used circuits and apparatus 
A chapter is included dealing with strain-sensitive 
lacquer, and a short chapter on the theory of stress and 
strain in a surface introduces a comprehensive treatment 
of the theory and measurement of two-dimensi 
strain analysis. / 
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Mr. Ernest  Granter, 
ho will be installed as 
resident of the Institution 
1 October gth, is a Civil 
ngineer with the London 
ounty Council. 


| His early life was spent 
| Southampton. Born at 
ie end of the last century, 
2 was of the first genera- 
on to be suddenly thrust 
ito the grim realities of 
‘ar while still of school 
ge. In 1916, when he 
‘as only 17, he joined the 
toyal Flying Corps, and 
e served in the R.F.C. 
nd the Royal Air Force 
wr the next three years. 


= 


“On demobilisation in 
919, he studied Civil and 
fechanical Engineering for 
hree years at University 
oliege of Southampton, 
there he took the degree 
f B.Sc.(Eng.) of London 
JIniversity. Following his 
taduation, he became a’ 
vupil of Mr. F. E. Went- 
vorth-Sheilds (a Founder 
(fember and Past-President 
if the Institution) at 
jouthampton Docks for 
Taining as a Dock and 
darbour Engineer. 

_In 1924, Mr. Granter was appointed Engineer at 
econtree Housing Estate for the construction of roads, 
iewers and other engineering works required in con- 
tection with the building of over 25,000 houses giving 
iccommodation for a population of about 115,000. 
[his was, at the time, the largest municipal housing 
sstate in the world. After more than two years at 
Becontree, Mr. Granter was transferred to County Hall, 
where he was engaged in the design of railway bridges, 
Lambeth Bridge, and the enlargement of the Tramway 
Subway from Victoria Embankment to Southampton 
Row to accommodate double-decked tramcars. From 
929 he spent four years as Assistant Resident Engineer 
and subsequently as Resident Engineer on the construc- 
tion of Lambeth Bridge. Since 1933, his work has 
| eke the design and construction of many major 
improvements in the County of London, including 
Thames bridges, subways, tunnels, viaducts, road and 
tailway bridges, roads and river walls. 


_ During the war of 1939-1945, Mr. Granter was seconded 
to the Ministry of Home Security for part-time duties 
at Regional Headquarters, London Civil Defence Region 
wr the co-ordination of repairs to roads, bridges, sewers, 
tiver defence works and public utility services damaged 
by enemy action. During this period, he was also 
concerned with the design and construction of A.R.P. 
ks, such as emergency Thames bridges and supple- 


sntary water supplies for fire fighting: 


“The President 1952-1953 


Mr. E. Granter, B.Sc.(Eng.), M.1.C.E., M.1I.Struct.E. 
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He is at present a Major 
in the Engineer and Rail- 
way Staff Corps, R.E. 
epee 

The President has been 
connected with the Insti- 
tution of Structural En- 
gineers for the past thirty 
years, having been elected 
to Graduateship in 1922. 
He became an Associate- 
Member in 1924 and a full 
Member in 1934. His active 
participation in the scien- 
tific work of the Institution 
dates from 1928, when he 
was appointed Honorary 
Secretary of the Science 
Sectional Committee on 
Brickwork and Masonry. 
In 1935, he became a mem- 
ber of the Literature 
Committee, on which ‘he 
served for several years. 
He has since served on 
most of the main Com- 
mittees of the Institution 
and has been Chairman of 
the following : the Finance 
and General Purposes 
Committee, | Membership 
Committee, Education 
Committee. He has also 
served on many of the Sub- 
Committeess and Panels of 
the Science Committee, 
including the Soil Pressure Sub-Committee. 


Mr. Granter’s membership of the Council began in 
193I, as an Associate-Member ; in 1939 he was elected 
to the Council as a Member. He held the office of 
Honorary Secretary in 1943-44, Honorary Treasurer in 
1945-46 and has been a Vice-President since 1946. He 
was a member of the Study Committee on Reinforced 
Concrete, which the Institution convened at the request 
of the Minister of Works in 1942 to study post-war 
problems in the building industry. Mr, Granter has 
also taken an active part in the work of the Codes of 
Practice Committee and is Vice-Chairman of the Earth 
Retaining Structures Committee, which has recently 
completed the ‘‘ Civil Engineering Code of Practice 
No. 2—Earth Retaining Structures.”’ 


The Institution is to be congratulated on having as 
President for the coming Session one who has such a 
complete knowledge of every aspect of its work. In 
view of the ever-widening scope of the Institution’s 
activities, this knowledge will be of the utmost value 
in directing its affairs. During twenty years, Mr. 
Granter has given continuous service to the Institution 
in almost all its activities and in that period he has 
become known to a large number of members, who on 
acclaiming their President for the Session will not only 
welcome him as a colleague but also as a friend. Those 
who will have the privilege of serving under him look 
forward to a pleasurable period of activity and expansion 
in the field of structural engineering. 
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Hangars at London Airport es of 


Large Span Prestressed Concrete Beams” 
By A. J. Harris, B.Sc(Eng.), A.M.I.C.E. ; 


Summary 
The paper describes the use of prestressed concrete 
in the primary and secondary beams of a block of 10 
hangars at London Airport. The primary beams were 
150 ft. clear span and were cast in situ with precast 
diaphragms ; the secondary beams were 110 ft. clear 
span and were precast in segments 7 ft. 2 in. long. 


(1) Introduction 
In the spring of 1950, the Air Ministry, acting on 
behalf of British European Airways, invited contractors 
to prepare schemes and offer tenders for a group of 


Plate 1. 


ro hangars at London Airport. Contractors were to 
satisfy certain general requirements but were left at 
liberty to choose their own structural material and 
form ; schemes were in fact submitted in’ steelwork, 
reinforced concrete and prestressed concrete. The 
contract was awarded to Messrs. Holland & Hannen 
and Cubitts, Ltd., whose scheme contained post- 
tensioned prestressed beams for the main hangars and 
pre-tensioned prestressed beams for the workshops, 
store-rooms, etc., these hangars thereby constituting 
one of the largest prestressed concrete buildings yet 
erected. The author’s firm, the Prestressed Concrete 
Co., Ltd., was invited by Messrs. Holland & Hannen and 

*Paper to be vead before the Institution of Structural Engineers 
at 11, Upper Belgrave. Street, London, S.W.1, on Thursday, 
October 237d, 1952, af 6 Pim. ea 


General view of South Facade during construction 
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Cubitts, whose Consulting Structural Engineer was 
Mr. A. E. Beer, A.C.G.I., M.I.Struct.E., to collaborate 
with them on the design of the primary and secondary 
hangar beams, and this design work forms the subject 
of this paper. * 
Messrs. Scott and Wilson were the Consulting 
gineers on behalf of the authorities ; the scheme w: 
submitted to their examination and the work carr 
out under their supervision. i 
The sub-contractors for the precast segments of the 
secondary beams were Messrs. Girling’s’ Ferro- Concrete 
Go;, “Lid; MY 


The pretensioned ; purlins in the roof deck wer 
designed and manufactured by Messrs. Concrete Develo B 
ment Co., Ltd. 


(Il) The Problem 


The ensemble consists of two rows of five hangars 
each facing outwards ; between them are two separat 
rows of workshops, each communicating with its rov 
of hangars and separated by an access road. At th 
end of the building is a stores shed passing right acros 
the whole width of the hangars and workshops. ~ 

Each hangar is 110 ft. deep and 180 ft. long ; 
total length of goo ft. is completely free of obstructio 
and gantry cranes are able to move from one end t 
the other.~ The back wall of the hangar is pierced B) 
small doors giving-access to the workshops’; in the ror 


| an opening of 150 ft. clear span in which are fixed 
‘savian doors. et BG ; : 
The clear height under the doors was required to be 
o ft. ; the clear height under the roof was 43 ft. min., 
he extra being necessary to accommodate the gantries 
iithout the hook level being lower than the door soffit. 
‘he height to ceiling of the workshops was 32 ft. 

Each hangar was required to be completely separate 
tructurally from its neighbours, to enable hangars to 
ie occupied and put into service as they were completed. 
tach hangar roof thus took on the aspect of a rectangle 
upported along one side and at two corners. 

“Initially the scheme provided tracks for two 55 ft. 
ranes bearing on a common beam at the middle of the 
‘to ft. span passing right through the whole length of 
he row of hangars. This was later amended to a 
irovision for cranes spanning the whole r1o ft. span. 

_ A total of 45 per cent. of roof area was to be glazed. 

fs 
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# _ (II) Principles of a Solution 
' The major factors in the choice of structural form 
were the following : ae 

| (1) The loads on the centre crane rail could reach a 
maximum value of two point loads of 22.5T each at 
'6 ft. centres. These loads gave the roof the character 
more of a highway bridge than a simple roof, and it was 
thought advisable to employ solid web beams supporting 
lightweight decking. Other possibilities suggested them- 
selves (shell construction as at Karachi, bowstring 
girders, etc.), but a solid web girder seemed the only 
‘form whose shear and fatigue strength could be relied 
‘upon with sufficient certitude under such heavy con- 
centrated loads. 

_ (2) Each hangar had to be structurally separate from 
ts neighbours. Any thought of making either primary 
3 secondary beams continuous over several hangars 
had therefore to be rejected and the solution was adopted 
f-erecting a primary structure over the door, supporting 
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a secondary one spanning between the door and the wall 
at the back. 

The beams constituting the primary and secondary 
structures will be considered separately. 


‘Primary Beams 

These beams were subjected to loading caused by 
dead load and live load on the main roof, live load of the 
cranes, and dead load and live load on the canopy. 
Some or all of these loads could necessarily be applied 
off centre, the roof and canopy live loads, moreover, 
could be either positive or negative. Horizontal wind 
loads had also to be considered and, unless the rear 
wall were made much stiffer than would otherwise be 
necessary, these could only be carried by the primary 
beam. This beam has thus to carry both torsion and 
horizontal bending as well as vertical bending. Two 
solutions were considered : 


Ss : Plate 2. Internal view during construction 


(1) Making the beam flexible in torsion and fixing it 
to the ends of the secondary beams, thus translating 
all torsional effects into bending of these beams, the 
horizontal loads being carried by the back wall acting 
asacantilever. This solution seemed highly complicated 
in erection ; it had the advantage of saving headroom, 
but there was in fact no difficulty in fitting the alter- 
native scheme into the vertical dimensions specified. 

(2) Making the beam stiff and thereby supporting on 
it all horizontal and torsional effects. The beam being 
a large one in any case, no difficulty was found in 
designing it for this purpose and erection was greatly 
simplified, since the construction of this rigid “ spine ”’ 
could proceed without awaiting the secondary beams. 

Consideration was given to making the door beam 
rigid with its supports, thus constituting a portal. This 
awas rejected more for reasons of prudence, perhaps, than 
for precise technical reasons. It was felt that while 
certain savings of material would result, they might 
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well be outweighed by added erection complications. 


Technical objections did exist, however ; notable 
amongst them was the fact that if the beam were to 
fill all the space between door soffit and roof-beam 
soffit, for which a minimum dimension of 12 ft. had been 
specified, it would give an extremely stiff portal frame, 
one in which temperature effects would be troublesome. 
Furthermore, the minimum clear height specified was 


very little less than that required by an economically 


designed simply supported beam and the extra head- 
room could easily be made up by notching the ends of 
the secondary beams ; in consequence no significant 
saving of dead weight could be made by employing a 
portal. The only economy therefore would be that of 
steel in the beam, against which would be offset the 
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occupying the full depth between roof level and the 
hangar clearance level was designed. The distribution 
effect was greatly reduced by the interruption of this 
transverse stiffening beam every 180 ft. but the effect 
was nevertheless considerable. ae 

The beam was designed as a semi-infinite beam on an 
elastic foundation ; the stiffness ratios were such that 
the secondary beams constituted a virtually continuous 
foundation, and the effect of discontinuity was appre: 
ciable, but small. An augmented secondary beam was 
provided at each end of the 180 ft. to carry the concen- 
tration of load at the extremities. The calculations 
were based on the theory set out in “‘ Beams on Elastic 
Foundations,’ by Hetenyi and, including the effects o} 
discontinuities and augmented beams, were straight- 
forward ; for the worst loaded beam, the penultimate 
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Fig. 1. Section of half-structure showing general arrangements 


The door beam was thus to be box-shaped and simply 
supported. Preliminary calculations showed that 4 in. 
webs would carry quite comfortably all the shear stresses 
caused by bending and torsion and would be sufficiently 
~ stable against buckling if diaphragms were provided at 
each secondary beam bearing, 1.e., at 15 ft. centres. 

The next question was, where to place the prestressing 
cables. Precedent exists for placing the cables in the 
central void (hangars at Melsbroeck, Brussels), and the 
idea has its attraction, particularly since with the type 
of cables employed (Freyssinet cable) the protection 
problem can be neatly solved. This arrangement of 
cables, however, has serious disadvantages, notably : 

(x) If the cables are not solid with the webs, the pre- 
stressing force is external and tends to produce buckling ; 
the webs must thus be made thicker, adding very con- 
siderably to the weight of the beam and to the quantities 
of steel. 

(2) If the cables are not in the line of the webs, the end 
blocks are subjected to very heavy shear forces and must 
in consequence be substantial and heavily reinforced. 
With the cables lying within the webs, however, it is 
sufficient at the beam ends to thicken up the webs 
slightly and provide sufficient bracing to counter local 
buckling due to the support reaction, 

(3) Unless the cables are led into and out of the bottom 
flange, there is an appreciable loss of eccentricity which 
reacts not only on the steel quantities but on the concrete 
section as well. 

The main beam was therefore to be simply-supported 
and box-shaped with the cables embedded in the concrete 
walls. Exact calculation started from this point and 
the results will be found below. 


Secondary Beams 
The largest part of the load on the secondary beams 
being that due to the cranes, means were sought of 
distributing it, and a triangulated prestressed beam 


beam, the point load was reduced from 22.5T to 9.4T, t¢ 
which must be added the weight of the transverse beam 
which came to 2.3T. The point load had thus beer 
halved. 

The secondary beams thus being united by a very 
stiff transverse beam, conditions of transverse anc 
torsional stability were greatly improved, and a simpk 
I section, with occasional stiffening diaphragms was 
found satisfactory. 

The scheme having been drawn up on these lines, the 
authorities decided to replace the two cranes by on 
large one spanning clear from the door to the wall. Thi 
removed all point load from the secondary beams an¢ 
changed their character entirely ; the reasons whicl 
had seemed to demand a solid web no longer existed 
It was too late, however, to recast completely the schem: 
for the secondary beams and in consequence they wer 
modified for the lighter loading by removing the botton 
flange and reducing the number of cables. The T bean 
thus resulting is of a form not often economic in pre 
stressed concrete, unless dead load is preponderant 
which is not the case here ; an examination of the stres 
values below, however, will show that the strength o 
the concrete is fairly fully mobilised. The simplicit: 
of shape aided casting. 

Lateral stability required attention ; the breadth/spar 
ratio of the beams was 1/36. While this would be suffi 
cient during short periods unloaded, it would not bi 
sufficient under full load and over long periods. Arrange 
ments were made therefore to provide lateral bracin; 
by means of the beams carrying the lanterns. Similark 
the web and flange were very slender and it was necessarm 
to unite them by fairly frequent diaphragms. 


(IV) Construction Procedure and its Bearing 
on the Design x 
The scheme being prepared in close collaboration wit) 
the contractors; Messrs, Holland & Hannen and Cubitts 


_ 
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Ad., erection problems were dealt with, as they should 
, prior to detailed design to the benefit of the works 
s a whole. 
‘eating on design were as follows : 


t) Main Beams Oi tA 

The first problem was—to precast or not to precast. 
“he contractors decided against on the following 
‘rounds : 

_ (a) The sectional area of the main beam is 2,035 sq. in. 
{he segments could not reasonably weigh less than 5T 
ind this, in view of the slenderness of the sections, 
neant delicate handling. 

_(b) Lacking experience of such large segments, it was 
lifficult to foresee what degree of exactitude could be 


re 


Telied upon in overall dimensions, positioning of holes, 
e 

_ Accordingly it was thought prudent to cast the walls 
situ. 

| The diaphragms, however, presented a different 
problem. One was required every 15 ft. to carry the 
concentrated load from the secondary beam ; it was a 
simple matter to combine with this diaphragm a canti- 
lever to carry the canopy and a bracket to carry the 
crane beam, thereby concentrating in this element all the 
Special features met with along the length of the beam. 
More, by precasting these diaphragms with holes to 
carry the main beam cables, they would greatly simplify 
the work of fixing the steel and the formwork. So it 
Was done ; special diaphragms occurred at the beam 
nds to carry the anchorage cones and all these precast 
ements were placed on the falsework, the cables 
threaded through them (the cables required little other 
upport) and the formwork fixed. The in situ con- 
creting was thus reduced to the flanges and the webs. 


(2) Secondary Beams 
These beams could have been constructed 
hree ways : 
(a) Cast in situ. This was obviously to be avoided 
possible. The scaffolding and shuttering alone, not 
‘speak of the labour for erecting, dismantling and dis- 
lacing, would have been a very costly item. 


in any of 
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(b) Cast in one piece elsewhere and handled into the 
final position. This was practical; the handling 
operations were in no way too onerous since the beams 
would not weigh much more than 25T. The beams 
could either have been cast on the ground near their 
final position and lifted up or cast on a staging and 
rolled into place along the top of the main beams. 
Nevertheless, to _ maintain the necessary progress, 
several sets of formwork would have been needed. 


(c) Cast in segments. This was the method finally 
decided upon. Its advantages were the following: 
(i) Greater precision in casting would be obtained and 
better control of quality. Inspection of each unit 
would reveal any defects ; should such appear, to reject 


Plate 3. First main beam under test 


a unit was a matter of much less gravity than to cut out 
a section of a beam cast in one piece. 

(ui) From the progress point of view, it was con- 
venient to be able to continue the casting of the second- 
ary beams away from the main area of the works and 
stack the segments ready for use when required. 

(iii) From the point of view of direct economy, the 
saving of formwork was most attractive and in fact 
segmental construction fully justified itself from this 
point of view. It is of interest to note that a total 
number of 122 beams, containing 3,074 elements, were 
cast in nine moulds. 

(iv) The difficulties of casting concrete down a 4 in, 
web around a line of cables running horizontally, 
difficulties which were accepted on the main beams, could 
be avoided by casting the segments on end, when the 
concrete would be placed along, rather than across, the 
line of the cables. 

The main bearing upon design of the decision to 
employ segmental construction related to the stiffeners. 
It was obvious that so slender a web and flange would 
need frequent diaphragms ; such diaphragms would 
greatly complicate formwork were the beam to be cast 
in one piece. With segmental construction, however, to 
cast a diaphragm at one end of each segment so far from 
presenting any difficulties had certain positive advan- 
tages ; it stiffened each element during handling and 
provided an open mouth into which to drop the concrete 


during casting as well as stabilising the beam very 
effectively. 


(V) Practical Details 

In both beams, Freyssinet anchorages and cables 
were used of the 12 x 0.2 in. type. The cables were 
sheathed in light steel tubes whose exact nature varied 
according to the supply position. 
anchoring, the cables were pressure grouted with 
I : 12 cement-sand mortar and the cone recesses sealed 
off with mortar. 


. Main Beams 

The main problem here was the disposition of the 
cables. The solution adopted was to group them in the 
centre as shown in sketch with one layer of 21 spaced 
evenly right across the bottom flange with a cover of 
I in., and two layers of 6 and 4 above them, with $ in. 

_ clear spacing, ineach corner. This gave a distance of the 
centroid of the steel of 2.75 in. above the soffit.. As the 
cables left the centre section, the outside vertical group 
of cables was swept up into the web, and the next 
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It will be seen “from the drawings that there was ; 
space of 30 ft. between the support axes of adjoini 
main beams ; in this 30 ft. had to be fitted the expansion 
joint and room had to be left for the stressing jacks t 
operate since it was thought undesirable to stress a be: 
of this nature from one end only. In consequence, 
whilst at one end the beam projected only 2 ft. 6 in. 
beyond the support axis, at the other it projected 15 ft. 
in cantilever. The cable inclinations were continued 
across this 15 ft., which resulted in some of the cones 
lying in the top surface of the beam. This produced no 
difficulties. This end of the beam rested on a flexible 
column, the bearing being similar to that at the other 
end. 

The intervening 12 ft. 6 in. was cast in situ in reinforced 
concrete, the prestressing wires protruding from the 
fixed end being employed to bond in the reinforced work. 

The expansion joint thus ran up the back of the 
flexible column, along the soffit of the cantilever and ue 
the end of the cantilever. 

Thirty-three cables were stressed up when the concrete 
had set sufficiently ; the remaining eight cables were 
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vertical group was bent outwards to take its place and 
swept upwards in its turn. The phase-length, as it 
were, of this succession of cables was 15 ft. ; a diaphragm 
thus marked the point at which cables ceased to turn 
outwards and commenced to bend up. There was thus 
a double movement of cables outwards from the bottom 
flange and upwards into the web ; in the support section 
the process reached its conclusion with seven cables in 
the bottom flange and 17 in each web. This gave a 
height of centroid above the soffit of 67 in., and a very 
well distributed anchorage pattern. The locus of the 
cable centroid was approximately parabolic. While the 
double curvature would seem at first sight to lead to 
high friction losses, in fact it was not so since the cables 
with large vertical curvature had only a minute hori- 
zontal curvature and the cables with maximum hori- 
zontal displacement in fact only bent out 15 in. in 75 ft, 
with no vertical displacement at all. The bursting force 
caused by this slight outward spread was more than 
compensated by the reinforcement of the diaphragms. 
At one end the beam rested’ on a very rigid box 
column. The support was composed of a steel plate 
bearing and the beam was held down by two Freyssinet 
cables anchored by hooked anchorages in the shaft of 
the column. This bearing was directly under a standard 
diaphragm and the beam projected 2 ft. 6 in. beyond 
this diaphragm and terminated in a special diaphragm, 
carrying the anchorage cones. Over this length the 
beam webs were thickened up to 12 in. ; 


Elevation and section of main beam 
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stressed as soon as the secondary yes in the centre 
of the span had been placed. 


Secondary Beams | 

The cable trace in the secondary beams was compli- 
cated by the necessity of providing a number of holes 
in the beam web to carry lighting and other services, 
The employment of eight cables at a distance of 14 in, 
from the beam soffit to their centroid gave considerable 
flexibility in choosing the trace of each cable and as a 
result it was possible at the same time to preserve a 
reasonable shape for each, to avoid the holes and 
obtained a roughly parabolic shape of the centroid 
locus. 

The joints were ? in. wide and were filled with 
1 to 1 sand/cement mortar mixed earth dry and packed 
in hard with a hammer and chisel. The cables were 
protected from this mortar by a short length of tube 
passing across the joint and extending into bell-mouths 
cast in the ends of the adjacent elements. The cables 
were stressed up 24 hours after the packing of the joints. 
One incident has to be remarked upon in this connection. 
One of the secondary beams having been successfully 
stressed, one of the joints failed about 12 hours after 
when the-cable ducts were being washed through with 
water prior to being injected. The causes of this 
remain obscure, though it was probably due to t 
effect of the flow and pressure of water on a joint. whose 
set for some reason was delayed. Extensive ex 
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ion and testing by the contractors of the concrete in 
lhe joint and in the elements failed to produce any 
aore likely explanation. At any rate, the stress was 
leased, the damaged units replaced and the beam 
tressed up again without incident. 

_ The end element carrying the anchorage cones was a 
airly bulky piece of lightly reinforced concrete. It was 
1otched on its top surface to carry the gutter and on 
ts bottom surface to permit the flange to project below 
the upper level of the main beam. The beam end was 
‘equired to be broad to prevent the overturning of the 
peam and the top flange had to be carried through to the 
gutter to support the deck ; a simple though heavy shape 


i Plate 4. Assembly of secondary beams 
“was chosen to satisfy these needs and to add robustness . 
‘to the extremities of a beam which would undergo a fair 
‘amount of handling. The bearing surface was recessed 
‘and fitted over a reinforced concrete ridge which thus 
_gave the beam a mechanical key with the supporting 
structure at either end ; as has been remarked above, 
he columns at the back of the building were sufficiently 
Alexible to permit of temperature movements without 
-overstraining. r 


i ill Roof Decking 

Pretensioned purlins were bolted down on to the 
condary beams through holes cast in the flanges. A 
precast kerb was then bolted along the beam flange 
between the purlin ends and lightweight aluminium 
troughing laid on top, the whole being finished off 
with fibre-board and a bituminous felt finish, the. felt 
being brought over the kerb and on to the beam flange 
in such a way that the beam flange formed a gutter. 
_ The lanterns were formed by triangular shaped pre- 
- beams placed on the secondary beams. The centre 


~ 
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lantern beam coincided with a special diaphragm ; bars 
projected from each and in situ concrete cast around 
them ensured a joint of adequate strength. 


(VI) Design 

The loading specified was in general as in C.P.3 
Chap. V (1944). For wind loads, p was to be taken as 
25, lb./sq. ft. . 

The clauses in the specification covering the design 
of the prestressed concrete work were in close agreement 
with current practice ; the stresses specified were as 
follows : 


(a) Concrete. 
Compressive bending stress : 2,000 lb./sq. in. 
Tensile bending stress during erection in beams 
cast 1m one piece : 200 |b./sq. in. 
Tensile bending stress in any beam under any 
working condition : Nil. 
Principal tensile stress under shear : 150 lb./sq. in. 
These stresses would require a concrete of not less 
than 6,000 Ib./sq. in. crushing strength at 28 days, 


(b) Steel. 


Final working stress in tensioned steel : 60 per cent. _ 


of the U.T.S. after allowance for relaxation, 

The allowances for relaxation were specified as 
follows : 

(a) Concrete ; creep strain = (0.3 x I0-6 x average 

prestress) per unit length. 

(b) Concrete ; shrinkage strain = 200 x I0-® per 

unit length. 

(c) Steel ; creep loss = 5 per cent. 

(d). Anchorage strain = 1.5 per cent. of steel stress— 

length in feet. 

These allowances were later modified slightly as 
follows : 

It was agreed to replace the expression for anchorage 
strain by a flat allowance of 3/16 in. for each Freyssinet 
cone, a figure which is regularly found in practice, and 
in view of the fact that none of the concrete was stressed 
up prior to 28 days of age, the shrinkage strain was 
neglected. These various provisions gave a total loss 
of the order of 15 per cent., which is again in line with 
current practice. The U.T.S. of the steel varied between 
105l and 110T per sq. in. 1o8T/sq. in. was taken as 
an average, which gave a final force of 55,000 lb. max. 
per 12 X 0.2 in. dia. wire cable. 


. 


Main Beam 


(1) VERTICAL BENDING. 

Bending moments are : 

Own weight 

Dead load of roof, canopy, crane 

beam and secondary beam 

Live load (a) positive (snow 

and crane load) 
(b) negative (wind 

suction) 58,200 kips, in. 

In the preliminary project, the cable holes in the 
beams were neglected—the influence of such neglect is 
small and favourable to security. The contract having 
been awarded, however, a more exact analysis was made 
and the section minus holes employed for the prestress, 
own weight and dead load calculations, and this section 
augmented by the steel area multiplied by a modular 
ratio of 8 was employed for the live loads. These results 
are given below. As will be seen, there is an appreciable 
margin of compression left under all extreme cases ; the 


84,400 kips, in. 
133,600 kips. in. 
73,600 kips. in. 


dimensions of the section and the number of the cables 


were left unaltered, however, 


7, ts 


ee ee 


so 


232 


~“ 


Section prior to grouting is (all figures are in inch 


units) : 


A = 2035 ; J = 7,528,000 ; 
gI.5 in. ; 


Dy = 705) vy = 


2, = 98,400 ; 2; = 82,300. 
Eccentricity of cable centroid = 88.75 in. 
Prestresses are : 


rs 55,000 X 4I 55,000 X 41 x 8645 

See Re Oe. 

: 2035 82,300 

: i.e., 2760 at ist prestress of 32 cables and 780 at 2nd.of 
| g cables. 

} 55,000 X 41 55,000 X 41 x 86.45 

is = — 920 

i 2035 98,400 


of g cables. 


Load stresses are : 


Own weight : 
Dead load : 


Osh 


Live load, positive : 
Live load, negative : —567 and +606. 
The sequence of stresses may be represented in tabular 


+ 858 and —1025 
+1360 and —1620 
Section after bonding of steel is : 
equivalent A = 2143 ; I = 8,338,450 } v1 = 


86.9 in. 


i.e., —718 at 1st prestress of 32 cables and —200 at 2nd 


7k + 


£, == 102,600 + 24.—= 90,000. 
Load stresses are: 


+718 and —768 


a 
-= 
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Min. vertical shear is 


Own weight os 187,500 
Dead load = 297,000 
Wind load = 129,000 

365,000 


Vertical upward component of prestress force = 
345,000. ; 
. Max. Resultant Shear 276,000. 


CANOPY 
| CANTILEVER 


Elevation of pre-cast diaphragm in main beam 


form as follows : Fig. 2. 
Ay ae rst PS: >3 idee | 3, 2nd P 5 | z i a | —L.L. . = 4 
+858 Moser 273 +140 +1360 + 1500 —200 +1300 +718 + 2028 eae ange +733 
—1025 | +2760 +1735 —1620 +115 +780 +895 —768 +127 | Keb +1501 


(2) HorizonTAL BENDING 

The beam was assumed to carry horizontal bending 
caused by the full wind pressure acting on the whole 
of one external vertical surface. 

The moment thus produced was 14,980 kips. in. 

The modulus of the section about a vertical axis being 
43,000, this gave a stress of +350 lIb./sq. in. 

This load acts in conjunction with the wind suction 
on the roof ; the worst case thus occurs when the doors 
are closed and the roof is completely unloaded, when the 
worst stresses are : 


H. wind x 
Upper surface ... +733 +350 +1083 and +383 
Lower surface ... +1501 +350 +1851 and+1151 


(3) SHEAR 
(a) Due to vertical loads : 
Max. vertical shear is 


Own weight = 187,500 
Dead load = 297,000 
Live load (crane) = 33,600 
(snow) ae 103,500 

621,600 


Weakest point is at top of web where prestress is 
smallest ; shear stress here = 165 lb./in.? 


(b) Due to horizontal loads : 
Max. horizontal shear = 33 kips. 
Shear stress at top of web = 61 Ib./per sq. in. 


(c) Due to torsion : 


The heaviest torque is caused by the wind blowing 
from the back wall towards the open door when the roof 
is unloaded and the canopy is loaded to its maximum. 


This torque is composed of the following actions : 
Suction on parapet 59,000 Ib. in. 
Pressure on back wall trans- 

mitted by secondary beam 
to upper flange of main beam 
Load on cantilever 
Total 


814,000 Ib, in. 
9,384,000 Ib, in, 
10.26 x 108lb, in. 
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Batho-Bredt formula gives g = 
2At 
where JT = torque. A = Area enclosed cue median line: 


t = wall thickness. 
This gives g = 135 lb./sq. in. 


(4) RESULTANT PRINCIPAL STRESSES 


The effects of vertical and horizontal bending and 
of torsion produce shear stresses which on one surface 
can all act in the same sense ; the maximum conditions 
for each are not all compatible, however. The worst 
combination is the following :— 8 


Vertical shear under full 
wind ppt STs 

x. horizontal shear ~ 
x. torsional shear . 


\ 


85 Ib./sq. in, 
61 Ib./sq. in. 
135 lb./sq. in. 


281 Ib,/sq. in. 


lo 


} 
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_ The compression stress at the root of the top flange 
let is 780 Ib./sq. in. 

The principal tensile stress is thus 

. 3( ¥7802+- 4.2812 —780) 

H go lb./sq. in. 

in view of the various incalculable effects of shrinkage, 
temperature variation, etc., which lead to shear stresses 


‘ 


g 


Plate 5. 


at the corners of hollow box beams, it was thought wise 
ievertheless to reinforce these corners with M.S. bars. 


Secondary Beams 


. 
1) BENDING 


Prestresses are : 


53,000 x 8 53,000 x 8 33.2 
ar —_—_—___—_—_——. = 4120 
406 4580 
53,000 x8 53,000 x 8 X 33.2 
oy maxes § 4) 
406 . 8780 


Section after grouting, with bonded steel, is : 
equivalent A = 427.2; I 240,000 330. => 2b.28 


Vg = 45.8 5 21 = 9100 ; 2% = 5230. 


Bending moments are : 
Dead load = 4,950 kip. in. giving stresses 
of +540 and — 948 


Typical pre-cast diaphragm 


5,320 kip. in. giving stresses 


Live load (positive) 
of +580 and —iror10 


7,130 kip. in. giving stresses 


Live load (negative) 
of —778 and +1360. 


Whence stress sequence is : 


° (a) Vertical. 


O.w. | PS. | > | DL | z | webs, | = | Cae | x 

“41025 | —570 | +455 | 4540 | +995 | 4580 | +1575 | | —778 | +217 

1875 | +4120 | 42245 | —o48 | 4.1297 | —ro010 | +287 | +1360. | +2657 
| / 


A = 406 ; I = 216,420 ; vy = 24.8 ; vg = 47.2 ; 
ay = 8,780 > 2g = 4,580. 


Eccentricity of cable centroid = 33.2 


Bending moments are : 
weight = 9,000 kips. in. giving stresses of +1025 


aad 


It is permissible to increase stresses due to wind loads 
by 334 per cent. ; the stress under maximum uplift is 
thus not excessive. 

(b) HorIZONTAL 

An investigation of the horiztonal bending effect due 
to wind drag and the wind pressure on the lanterns 
and various projections in the roof was made in accord- 
ance with C.P.3. Chap. V (pp. 17 and 18). 
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Assuming no fixity in the horizontal plane at the 
supports, this gave a moment of 287 kip. in., which 
produces a stress of +334 Ib./sq. in. 

The conditions producing drag and horizontal pressure 
cannot coincide with overall suction. The worst cases 
for stress in the top flange are as follows : 

Dead load alone : +995 +334 = +1329 and +661 


Dead load and live load +1575 +334 = +1909 and 


+1241. 
(2) SHEAR 

“ Max. shear force is : 
Own weight = 26,500 
Dead load sa ALEF50 
Live load (+ve) = 16,800 
55,050 

Min. shear force is : 
Own weight = 26,500 
Dead load =~ I1,750 
Live load (—ve) = 21,000 
17,250 


<4 ra 3 ee: (en eo Mat ee al) 
iy iG: Lae “4 
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Vertical component of prestress at end section = 
28,000 
.. Max. Resultant shear force = 27,050 
Shear stress at root of web = 102 Ib./sq. in.” 
Horizontal compression at root of web = 640 Ib./ 
sq. in. 
.. Resultant principal tensile stress 
3( V6402-+4. 1022640) 
16 lb./sq. in. 
Stresses due to horizontal shear were negligible. 


| 
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(3) ToRsIon 

A check was made on the torsional strength of the 
secondary beams when the bay on one side of the beam 
was fully loaded and that on the other unloaded. With- 
out taking any account of the stiffness of the lantern 
frame, it was found that the principal tensile stress 
would be 126 lb./sq. in. It was thought that further 
investigation was unnecessary. 


LANTERN STIFFENING BEAM 


-PARAPET ADDED LATER 


FREYSS| CONES 


1—IIO CLEAR SPAN 
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Fig. 4. Elevation of secondary beams 


Plate 6. Main beam under construction 


QUANTITIES 


It is of interest to note that the total quantities 0! 
material in the main and secondary beams when dividec 
by the area of roof supported give the following figures 
(a) HT Steel 1.05 lb. per sq. ft. 

(b) Mild Steel 0.98 lb. per sq. ft. 
(c) Concrete 3-75 in. average thickness. 


PRECAST R-C LANTERN BEAM 


INSITU 


BEAMS ATISCENTRES ~,| 
WITH 4° WEBS & FLANGES 


Fig. 5. Junction of central lantern beam with 
secondary beams 4 


ee (VII) Tests 
Two secondary beams and one main beam were teste 
with the full design load. The results were as follows 


(a) Secondary beams. 

The beams were placed together on supports on tk 
ground and braced together in such a manner as t 
simulate the conditions of service. 


-*) .&2 Fe 2 See Tae Ae mgr ys oe ) = rk 25 
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_ The deflections of one beam were measured by 

leflectometer, those of the other by a scale. The design 
load was 24T per beam ; the deflection under this load 
yf the former was 1.510 in., of the latter 13 in. Con- 


sidering the beam measured by the deflectometer, the 
‘average settlement of the supports was 1/16 in. ; this 
gives a deflection under load, of 1.447 in., which cor- 
‘tesponds to a modulus of elasticity of the concrete of 
5,180,000 lb./sq. in. The residual deflection after un- 
pete was } in. 


b) Main beam 

_ The main beam was cast with a camber of 5 in. ; after 
, cables had been stressed this camber increased to 
in. The secondary beams were then added and the 


Book 


_ Building and Civil Engineering Plant, by Spence 
reddes. (London : Crosby Lockwood.), 1951. 10 in. x 


7h in. 297 pp. 30s. 


the logical and orderly arrangement of the sections 
into which the author has divided each subject. 

' Reading through it from cover to cover, as only a 
‘Teviewer would do, the repetition of the same lines of 
lapproach to each type of plant gives a feeling of almost 
Monotonous regularity. Yet this very regularity com- 
‘mends itself to the seeker for information because the 
ame kind of details are given in the same kind of way 
n every section and the proper place to look for any 
articular information becomes self-evident. 

It is, therefore, a first-class reference book which 
‘covers its very large subject more than adequately. 

_ The scope of the book includes references to prac- 
tically every kind of building and civil engineering 
lant which a contractor is likely to use, describing 
lant used in connection with agricultural works, con- 
ete making and placing, muckshifting, pile driving, 
mping, trenching and transporting, to refer only to a 
few of the sections. 

_ Preceded by four sections on considerations involved 
in purchasing plant, its efficient operation and its cost, 


_ The first thing which strikes a reviewer of this book - 


235 


remaining eight cables stressed, when the camber fell to 
6 in. The beam was then loaded with 288T of pig-iron 
to bring the load up to the maximum design figure. 
The application of this load was completed at 3.15 p.m. 


ee Plate 7. Roof structure prior to cladding 


on a Friday afternoon and the load was left on over the 
week-end. The deflections recorded were as follows : 


Friday 3.15 p.m. 1.1335 in. 
Saturday I0.I5 a.m. 1.150 in. 
Sunday 10.15 a.m. 1.1795 in. 
Monday 10.15 a.m. 1.249 in. 


The load was then removed and the residual deflection 
was 0.214 in., a figure which fell to 0.1955 in. after a 
lapse of 1 hr. 

The deflection of 1.249 in. corresponds to a modulus 
of elasticity of the concrete of 5,210,000 Ib./in. 


Review 


the remainder of the book is divided into nineteen 
further sections, each of which deals with a particular 
kind of plant. 


The descriptions of all types of plant are very compre- 
hensive, giving details of construction, including details 
of ‘power units, types of fuel required and rates of 
consumption, followed by details of the application, 
operation and correct types of plant to be used to fulfil 
the various requirements of a contract? 

Typical examples are given showing how to estimate 
the size of plant required to do a given job in a given time 
and these are followed by tables giving information on 
output, apportionment of labour and ancillary equip- 
ment necessary for the plant to be worked to its maxi- 
mum efficiency. 

The book is profusely illustrated with photographs, 
reproduced drawings and tables and contains also many 
useful comments upon maintenance and repair. Cross 
referencing between related sections is very thorough. 


This book has clearly been compiled by one whose 
practical knowledge of the subject is wide, and it should 
prove a most useful source of information for both 
consultant and contractor. 

ets 
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Notes of Interest a 
Members of all grades are invited to submit ‘‘ practice notes” of individual operations such as those described % 
below, whose size and scope ave not perhaps sufficient to justify a full-length article or paper, but which 1 
possess features of special or general interest to the Institution. 


Strengthening of Old Reinforced Concrete, 


ye 


Timber and Steel Beams ona Recent Contract 
By John Faber, B.Sc., A.M.I.C.E., A.M.LStruct.E. | 


Introduction 


These notes describe one particular part of the work 
recently completed at Messrs. Spillers’ Soya Mills at 
Atlantic Wharf, Cardiff (Fig. 1), where old warehouse 
and silo buildings have been modified and re-equipped. 

Warehouse “‘A,”’ containing five floors, was built 
about 1880 with external load-bearing walls of stone, 
timber floor beams and cast-iron columns. Warehouse 
“B,” with eight floors, was built later, with external 
load-bearing brick walls, steel floor beams and cast-iron 
columns. The silos were built in 1913 of reinforced 
concrete, and include eight floors in the Receiving House. 

The buildings were originally used principally for 
warehousing, and then for many years stood empty with 
windows broken and the roof, leaking, exposed to severe 
weather conditions. Now the buildings are equipped 
for the extraction of oil from soya beans and the manu- 
facture of numerous by-products. 


Scope 


All the existing buildings were found to be unsuitable 
in varying degrees for the new duties required of them, 
particularly as regards the carrying capacity and con- 
dition of the fioor beams. The notes describe how 
these beams have been strengthened. 

No claim is made here for originality, but it is hoped 
that it may be of interest to have a record in the Institu- 
tion Journal of this type of work since it undoubtedly 
forms a part of present-day structural engineering, 
whether as a result of war damage or the need to econo- 
mise in new construction due to current restrictions. 


Concrete Beams 


Fig. 2 (a) is a typical floor plan of the reinforced 
concrete Silo Receiving House showing the old arrange- 
ment of beams and the numerous openings left through 
the 3 in. concrete floor slab to suit chutes, elevators, étc. 
Many of these openings had clearly been cut at different 
stages in the history of the building, and there was 
evidence too of earlier holes which had been filled in. 
It was not clear what reinforcements could be relied 
upon as remaining. 

The secondary beams were only 7 in. x 4 in. nett 
under the 3 in. slab, and did not occur where the new 
loads had to be supported. Furthermore, many 
secondary beams passed across positions required for 
new openings. 

The main beams were more fortunately placed, but in 
many cases longitudinal cracking and spalling of the 
soffits showed that rusting of the reinforcements was 
taking place so that bond was precarious and progressive 
splitting likely. In other cases the main beams were 
not suitably reinforced to carry the new loading arrange- 
ments, 7% 

Trial areas of the slabs were broken out. Some of 
the beam stirrups were found to have rusted right 


through at slab soffit level, and there was no key between 
the slabs and beam ribs. i 

The external walls of the Receiving House were only 
4 in. thick for the full ro2 ft. height of the building, 
stiffened only by pilasters and with no beams at the 
floor levels. The walls were generously provided with 
window openings. For these reasons it was considered 
unwise to loose the tying effects of the main beams 
which framed into the stiffer construction of the silo 
bins. : 
The strengthening was carried out as follows: The 
floors were treated one at a time. First, the floor slab 
was demolished : this came away from the beam ribs 


Fig. 1. Site plan 


easily. The slab reinforcements which bonded into the 
surrounding walls of the Receiving House were cut of 
two feet from the walls to assist later in tying the new 
work to the old. 

The secondary beams were in most cases also de 
molished, though it was possible to retain a few of these 
to carry local loads. 

Great care was required in dealing with the mair 
beam ribs, since the bottom reinforcements were to be 
the life-line in tying the 4 in. outer walls. 

Where the main beam ribs showed no signs of longi 
tudinal cracking, they were retained, though the tof 
1 in. was carefully chipped away to provide bearing fo: 
anew 4} in. slab. In many cases, however, the uncrackec 
ribs required strengthening to carry additional loa 
and this was done by providing additional reinfore 
ments as shown typically in Fig. 3 (a). The widths o 
the strengthened ribs were 4 in. greater than the origina 
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‘ibs, and bearing ledges 2 in. xX 2 in. were cut in the 
existing pilasters so that the additional width of rib 
sould transmit a useful share of vertical shear. The 
concreting of these “ strengthened ’’ beams was carried 
yut by pouring stiff grout in at one side of the beam 
shutters and vibrating the shutters until the grout 
}vorked its way under the old beam rib and started to 
tise up the other side. The remainder of the rib was 
soncreted using # in.—} in. aggregate. The mix was 
3 214 : 112 Ib. bag. 

~Where the main beam ribs were cracked and spalling, 
the soffits were firmly propped at the ends and the rib 
then cut away carefully with pneumatic hand drills. 
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Fig. 2 (a). Silo: Old floor 


A triangular wedge as shown in Fig. 3 (b) was preserved 
each end to act as a bracket and transmit vertical 
lear in the completed beam, and the sides of these 
vedges were bush-hammered. 2 in. x 2 in. bearing 
ledges were also cut in the pilasters as described in the 

vious paragraph. The existing longitudinal beam 
sinforcements were preserved to act as ties as before 
described. but additional reinforcements were provided 
to take the bending stresses and lift the end shears on to 
the triangular wedges. The beams were then © re- 
onstructed ” as in normal construction. 
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A new 4 in. slab was cast over the main beam ribs, 
Fig. 2 (b), beg properly keyed and tied to the beam 


ribs by the new stirrups, and to the old walls by the 


original slab continuity bars which had been preserved. 
The 44 in. slab was reinforced as required to carry the 
new machine loads and provided with holes and pockets 
as necessary. 

At the two ends of the Receiving House, where a 
bearing was required for the new slab on the bin walls, a 
continuous 4 in. X 3 in. x 4 in .steel angle was provided 
bolted to the walls with special wedge-tailed anchor 
bolts bearing between two tapered steel plates (Fig. 3 (c). 
This saved the need to drill right through the bin walls 
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STEEL ANGLE. 
Fig. 2(b) Silo: New floor 


which would have entailed scaffolding from the bin hopper 
bottoms to make good the areas spalled by the drilling 
and to enable the bolts to be threaded through the walls. 


Timber Beams 
The timber main beams in Warehouse “A” are 
generally about 12 in. X 14 in. cross-section on about 
13 ft. span. Where these would be overstressed by the 
loads of new machines on the floors their strength has 
been augmented by pairs of steel channels (one on either 
side) carried by steel ‘‘ saddle ” joists sitting astride the 
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| SLAB_REINFORCEMENTS NEW TOP RODS. 


SIDES OF EXISTING NOT SHOWN. 


RIB_ AND EDGE OF 
COL. BUSH HAMMERED. 


NEW STIRRUPS | 
2 NEW Ear 2 NEWYE RODS; ai eal 


3° EXISTING 
$ : 


RODS. 


NEW BEARING LEDGES / | 


2x 2° BOTH SIDES OF 
OLD RIB 1 


EXISTING RIB (LESS TOP 1%) AND 
REINFORCEMENTS PRESERVED 
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[Ss neon eee COLUMN CRS. APPROX. 12'-O" 
- DETAIL OF “STRENGTHENING’ EXISTING BEAMS Ds 6° NETT 
HACK EDGE OF COL.& : i 
EACH SIDE OF EXISTING 3° SLAB 
REMAINING RIB. AND RIB CUT OUT 
SS SS = =: a NEW renee SLAB. ; 
i NEW RIB 4 TOTAL WIDER RIB 4* TOTAL WIDER ‘ 
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Fig.4 (a). Strengthening of timber beam 


TIGHT UP AGAINST UNDERSDE 
OF TIMBER BEAM. 


AS TURP eo pet a Su Fig. 4(b). Support of rotted timber beam 
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timber beams at the supporting cast-iron columns. 
The cast-iron columns are of cruciform section, and were 
found to have an adequate margin of strength. The 
brackets at the heads of the columns always project 
further than the brackets at the feet of the columns over, 
30 that the saddle joists produce very little bending in 
ithe timber beams. See Fig. 4 (a). 

By a suitable choice for the stiffness of the strength- 
ening channels it has been possible to make the steel and 
timber share the loads, thus making for economy. 

- Owing to the varying spans of the main beams (there 
seemed to be no two cases quite alike), the strengthening 
channels were delivered with alternative drillings, 
Meccano fashion, in order to speed up erection. 
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Steel Beams 

Parts of three of the floors in Warehouse “ B ”’ are now 
occupied by vats and kettles containing soya oil. The 
original timber secondary joists and floor boards would 
have been unsuitable in this vicinity, due to the risk of 
instantaneous combustion which arises when timber 
has absorbed soya oil either from spillage or vapour. 

The timber. flooring was therefore removed, but the 
steel main beams were retained to support new slabs of 
high alumina cement concrete. The steel beams alone 
were inadequate to carry the extra loads and were 
strengthened by the addition of rod reinforcements in 
the bottom of the concrete beam casings. This is shown 
in Fig. 5, which also indicates how the timber secondary 
joists in the adjoining bay were supported at the termina- 
tion of the new concrete work. 

The aggregate used for the beam casings was § in.— 
} in, and the beam shutters were vibrated to assist good 
compaction. 


NEW CONCRETE FLOOR 


TIMBER FLOOR RETAINED. 


IS SPANS ABOUT 11 FEET. Hy 


i : 3°x.2° TIMBER BEARER _~ 
: BOLTED YO CONCRETE 
#) NIB 


_ Where the ends of the timber main beams supported 
in walls were found to be rotten, the rotted end was cut 
‘away and the remainder of the beam supported by 
strengthening channels arranged as before but bearing 
‘at one end in the stone wall. A “ stirrup ’”’ joist was 
provided at this end to carry the free end of the timber 
beam, See Fig. 4 (b). In some cases the one pair of 
strengthening channels served the dual function of 
‘dealing with rot and carrying additional loads from 
machines. 

_ The timber secondary joists were augmented by new 
‘secondaries of timber or rolled steel sections as necessary, 
bearing on the strengthened timber-steel main beams. 
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- Sound Insulation and Room Acoustics, by Per. V. 
Translated by J. M. 


explains electrical methods for the measurement of 


‘sound, reverberation time and insulation values. 
vs 
physiological acoustics, including the frequency spectra 


affecting the assessment of electrical measurements. 
The more mathematical section on fields of sound 
ads to the exposition of reverberation formule and the 
tioh’~orr-~absorbents™ gives-~compléte--and--valuable 
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B. New construction 
Fig. 5. Strengthening of Steel beams to carry new concrete floor 


The old brackets on the cast-iron columns were not 
able to take these extra loads, and the columns were 
therefore cased in concrete to octagonal section with 
eight longitudinal reinforcements and spiral binding. 
This casing was further required because the lowest 
suspended floor of this warehouse was removed, and the 
12 in. diameter columns would have been without other 
assistance against buckling over a length of 17 feet with 
unbolted joints at their mid-heights. 
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Review 


information upon the control of the absorption-fre- 
quency characteristics based upon practical test. 

The section on sound insulation and the damping of 
noise includes nomograms useful for the preliminary 
determination of insulation required to meet specific 
conditions and practical examples show how this can be 
achieved in practice. . 

The damping of noise is dealt with in a comprehensive 
manner, but the elimination of the transmission of 
structural vibration is only lightly touched upon. 

The section on room acoustics includes a critical 
examination of the findings of all the previous well- 
known workers in this field, and on the whole the 
volume may be said to represent a masterly summary 
of the conclusions to be found in the 126 references 
enumerated in the work. 

The translation is exact, and the illustrations and 
printing, clear and well presented. 

The work is to be highly recommended to all interested 
in any way in the subject)” ~* Org etn Ohare 
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Correspondence 


The Institution, whilst being at all times pleased to open tts columns to 
correspondence, cannot accept responsibility for the opimions expressed. 


The Analysis of Continuous Ridged Portal Frames 


To the Editor of THE STRUCTURAL ENGINEER 


Sir,—A method has recently been described! for 
analysing continuous ridged portal frames of any number 
of spans by calculating fixed-end moments and forces 
produced by the loading, and then imposing a succession 
of rotational and linear displacements at eaves joints 
until the restraining moments and forces at these points 
all become negligibly small. 


An important factor affecting the usefulness of such a 
method of approximation to the true behaviour of the 
structure is the rate of convergence. For angular 
displacements the convergence is extremely rapid ; in 
the usual case of symmetrical single-pitch roof members 
of constant inertia along the length the carry-over 
factor for moments is only —1/7 (as compared with the 
value of +4 encountered in the analysis of continuous 
beams), but for linear displacements the convergence 
is not so good, the carry-over factor for horizontal forces 
in the roof members being —1. 


In order to speed up the process it was suggested that 
' group displacements, representing horizontal displace- 
ments applied simultaneously to several joints, should 
be formed. In particular the “block” operation, 
representing equal displacements at each of the eaves 
joints, was found to be useful in reducing the net re. 
straining force at eaves level to zero. 


It would be an obvious advantage if group displace- 
ments were devised which could be used to eliminate 
the horizontal restraining force at any chosen eaves joint 
without affecting the forces at any other. In this way 
it would be possible to avoid carry-over of horizontal 
forces in the roof members while horizontal displace- 
ments were being applied, and it is the purpose of this 
note to show how this can be done, 


Consider the two-bay frame shown in Fig. 1, This 
frame and the first six lines of the operations table are 
taken from the previous article ; the last three lines 
having been added to show the required group displace- 
ments, For instance, the symbol AG, = 1 implies the 
three displacements Amy, = 0.434, Ata, = 0.311 and 
Ass = 0.255 acting together, and these displacements 
produce a change in the horizontal force at A, of +0.64 
while producing no change in forces at A, and A. 


Fig. 2 shows how these group displacements have been 
used to solve for the deflexions and rotations at eaves 
level joints of the frame. Appropriate changes in G’s 
and @’s are made in turn until the residual moments and 
forces are small at line (a). It will be seen that the 
displacements have been made in a systematic manner 
without recourse to intuition as to the final values 
expected, and the process has converged after only 
three cycles of displacements to G’s and 6’s._ On line (b) 
values of 6’s and G’s have been added up, and w-values 
have been computed. For instance, 


Urs, = —318 X0.434 = —138.0 
+365 X0.311 = +113-5 

— 34X0.255 = — 8.7 

— 33-2 


Using these values of 6’s and w’s, residual momentand 
forces at A,, Ay, and A, have been computed and entred 
along line (b). Small errors made up to this poit in 
the table are now apparent, and the procedure has een 
continued until at line (c) a satisfactory solutionhas 
been found. 

It remains to show how the group operations vere 
devised, and to do this we consider the frame show in 
Fig. 3. Taking the joints A,, A, and A, to be resivined 
against rotation but free to sway, it is our intentio to 


Vertical load =2407 


4G, * 1, Aug, =O-434 
4uyg2 =O3/1 
Aug3 =0-255 
Gp =|, Aig) 2031) 
Aujy2 #0378 
Auyz 2 0'3// 


4G3=1, Aug, = 0-255 
Augg 70-3)! 
Auys = 0-434 


find what displacements will be produced at Aj, 4 
A, by a unit load applied at A, as shown. 
is to replace the ridged bays successively 
by a single member. Defining the sway sti 


: 4 
, ov, Wa a. 1 le 


of the frme as the force required to produce 
U Ft rizontal meement without rotation at one end 
while the other ed is fixed, roof member A,A, has a 
stifiness of 2.96 ad column A,B, has a sway stiffness 
f 0.64, so they 1ay be replaced by a single vertical 
member C,D, conected to A, by a rigid arm A,C, and 
f stiffness S giverby _ 


peor S = 90526 

,B, and C;D; hae a combined sway stiffness of 0.64 + 
p20 = 1.166 sothat A,d,, A,B, and C,;D, may be 
eplaced by a sing vertical member C,D,, the stiffness 


Relaxation Table 


i] Mar [Har [a [Ha | 


Maz | Has | 
-/20|#/80|+/20|-/60 
Be 4280 [1495 
ee 


“> 


33 


B 


Xu 
® 
N 


~ 


BG 


B 


z 


| 


% 
® 


+ 
Ny 
® 


w}x 


* 
hot 
10) 


g | 
us 


ie 54; = 40°3 


+1 t7+ is] 
>i} sl ty 
SEN 


| A043; =t0-S -3-3 +28 
| g 4G, =+2 
He 0:1 +28 


+ 
PS 
uw) 


= 


rg sléle 
> ~ | nin 


6427-345 G2 3654-28 
a" thT G,--34 17-6 


RS + 
esky 
— N 


IS |8 
NTN 


* 
SS 
Ry 


a 

ae, =-1 [azo 
tau =r0r _[- 
Be tess=r00s 


\ 
2 
a] 


7 


CR ae hi 1 


us a 
e718 
~ ~~ = 


+ 
9 
~ 


ot yet t qa 1 {3 , em eS 


+ 
~ NY |™ Ww 9 


0-4 0-2 | 


241 ° 
of which is given by 


I I I 


ot 2.96 1.166 
OF Sy =2078 36. 


Having reduced the frame to the two members A,B, and 
C,D, as far as sway displacements are concerned, it is 
now possible to apportion the applied load between 
A,B, and the rest of the frame in the ratio 0.64 to 
0.836, i.e., the horizontal force at B, is 0.434. Dividing 
the remainder, 0.566, between A,B, and C,D, in the 
ratio 0.64 to 0.526 the horizontal force at B, is found 
to be 0.311, and at D, (or By), 0.255. 


The horizontal forces produced at B,B, and B, by a 
unit horizontal load at A,, when A,A, and A, are free 
to sway but are not free to rotate, are therefore 0.434, 
0.311 and 0.255 respectively, and since the three stan- 
chions have equal stiffness, the horizontal displacements 
at A,A, and A, are also in this ratio. Putting Au,, = 
0.434, At, = 0.311 and Awu,, = 0.255 in the operations 
table, we find that 


My = 0.434 *%+0.77-= +40.33 
0.311 X—5.93 = —1.84 
—I.5I 


and so on, and incidentally verify that AH,, = AHas 
= 0, which shows that the group has been correctly 
formed. 

The lower part of Fig. 3 shows corresponding calcula- 
tions for a force applied at Ag. 


242 

For frames with more spans it is clearly possible to 
use the same method to obtain the required groups. 
The advantage of working with these groups is that carry- 
over of forces from end to end of the roof members is 
eliminated when imposing horizontal displacements, so 
that operations can be made in a quite automatic manner 
without calling on the computer’s intuition to make the 
process converge rapidly. A disadvantage lies in the 
work required to form the groups, and an additional 
step is required in checking the solution, as values of w’s 
must be calculated from G-values before residual M’s 
and H’s can be found. Nevertheless the groups should 
prove useful where a frame of several bays is to be 
analysed for a succession of load conditions, and the 
preliminary work becomes inconsequential. 


Yours, etc., 
E. MARKLAND 


(Associate-Member). 
Nottingham. 
June 12th, 1952. 


Markland, E. The analysis of continuous ridged portal 
frames. THE STRUCTURAL ENGINEER, Vol. 30, No. 5, p. Iot 


(May, 1952). 


To the Editor of THE STRUCTURAL ENGINEER 


Sir—In his paper, “The Analysis of Continuous 
Ridged Portal Frames,” published in THE STRUCTURAL 
ENGINEER, May, 1952, Mr. E. Markland suggested that 
the span of models of multi-bay frames of this type 


Z. 
could be reduced provided that the ratio — for the sym- 
L 


metrical roof member remained constant and the rise h 
remained unaltered. 


This method has been used in the model analysis of 
an encastre four-bay ridged portal frame (Fig. 1) in the 
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Department of Civil and Mechanical Engineering at the 
University of Nottingham. The indirect large dis 
placement method used by previous investigators! and | 
was adopted, the models being made from 4 in. sheet of 
I.C.1. “‘ Acrylic’ Perspex. A model scale of } in. to 
one foot was chosen but without reduction of the aa 
this scale would have necessitated an unwieldy model, 
48 in. long, so the span was reduced to one-third of the 
geometric scale, Fig. 2. In order that the model should 
be as flexible as possible the roof member was made 
0.175 in. deep, the stanchion depth corresponding to a 
second moment of area ratio of 1 to 2.2 being 0.298 in. — 
The extensions at the feet of the model were nailed 
to a -drawing-board covered with glossy paper and 
appropriate deformations introduced at the feet to 
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obtain the influence lines for moment, horizontal and 
vertical thrusts due to a uniformly distributed vertical 
load over the left-hand span. The distorted shape of 
this span was pricked on to the underlying paper by 
running a needle down fine grooves made in the edge of 
the roof member. The influence line ordinates were 
then measured in the direction of action of the load with 
the aid of a hand lens and inch scale graduated in 
1/rooths. 

The effect on the stanchions of a roof member of 
distorted dimensions will be exactly similar to the effect 
of the original roof member provided that the same fixed 
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nd moments, horizontal and vertical thrusts act in the 
oof member. In other words, the sway and rotation of 
he eaves joints will be the same if the distorted roof 
gember is loaded in a manner which will produce the 
ame fixed end constraints at the eaves as the un- 
listorted roof member. Suppose that the span of the 
listorted roof member is ” times the span of the true 
oof member and both are loaded with the same load 
yer unit length, the fixed end moments, horizontal and 
vertical thrusts are respectively n”, n? and times those 
of the true roof member. As the stanchions are un- 
thanged, the constraints at the feet will be modified by 
the same factors. Therefore, if the distorted shape of an 
imaginary full-sized frame of reduced span is found from 
the model and the constraints at the feet of the stanch- 
4ons determined for the same system of loading as for 
the true full-sized structure, then the moment, horizontal 
and vertical thrusts at the feet of the true structure may 
be determined by dividing by n?, n? and x respectively. 


| If the applied load were not vertical then it would be 


mecessary to resolve the load into its horizontal and 
Vertical components. The: vertical component must be 


jcorrected for the change in span but no correction would 
|be necessary for the horizontal component as the fixed 
/end moments and thrusts due to this would be the same, 


i 


jthe rise of the span remaining unchanged. Due to the 


scale effect an additional correction must be applied 
whenever moment is being determined.® 
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. 
+ shown in Fig. 3, the experimentally determined 
‘Moments at each joint being given in the accompanying 
line diagram, followed by the calculated value shown in 
‘brackets (determined by the relaxation method due to 
arkland). Comparison of the results shows a pro- 
Tessive increase in the proportionate difference between 
e two values as the distance from the loaded span 
eases. ‘This is due to a reduction in the effect of the 
Bye 
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applied load leading to small constraints at the fixed 
ends remote from the loaded span. 


On summing the horizontal and vertical reactions 
little error is found but considerable error is evident in 
the moments at the eaves joints, for in several cases the 
statically unbalanced moment is of a similar order to the 
moments themselves. The method of calculation of 
these moments was to consider the statical equilibrium 
about each of the members at the eaves joints which 
meant that small errors in thrusts at the feet, especially 
vertical thrust, would have serious effects on these 
moments, e.g:, a variation of 0.5 kip. in the vertical 
thrust at B,, would lead to a change of 36 kip. ft. in the 
moment in the roof member to the right of Ag. 

While the assumption of a uniformly distributed load 
on only one span involves least experimental work, as 
only one influence line has to be plotted for each test, it 
represents the worst case for the derivation of accurate 
results. A reduction of approximately 0.25 kip in the 
vertical thrust at B,; would make the eaves joints 
statically correct, but 0.25 kip. is small in comparison 
to the vertical load carried by the frame. 


Yours, etc., 


J. SPRINGFIELD. 


Nottingham. 
June 24th, 1952. 
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PRESIDENTIAL ADDRESS—SESSION 1952-53 

A General Meeting of the Institution of Structural 
Engineers will be held at 11, Upper Belgrave Street, 
London, S.W.1, on Thursday, October gth, 1952, at 
6 p.m., when Mr. E. Granter, B.Sc.(Eng.), M.I.C.E., 
M.1.Struct.E., will be installed as President for the 
Session 1952-1953, and will give the Presidential Address. 


FORTHCOMING MEETINGS 
The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1. 


Thursday, October 23rd, 1952 
Ordinary General Meeting for the election of members 
at 5.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
when Mr. A. J. Harris, B.Sc.(Eng.), A.M.L.C.E., will give 
a paper on “ Hangars at London Airport—Design of 
Large Span Prestressed Concrete Beams.” 


Thursday, November 13th, 1952 
Ordinary Meeting, 6 p.m., when the MacLachlan 
Lecture will be given by Mr. L. E. Ward, A.M.I-.Struct.E. 
The title of the Lecture will be “ The Design and Con- 
struction of a Three-Bay Aluminium Aircraft Hangar 
at London Airport.”’ 


Thursday, November 27th, 1952 

Ordinary General Meeting for the election of members 
at 5.55 p.m., followed by a Joint Meeting with the 
British Section of the Société des Ingénieurs Civils de 
France, at 6 p.m., when M. Léviant will give a paper 
entitled “ An Introduction to Vacuum Concrete.” 

Members wishing to bring guests to the Ordinary 
Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


EXAMINATIONS— JANUARY, 1953 
The Examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 
January 6th and 7th, 1953 (Graduateship) and January 
8th and oth (Associate- -Membership). 


REPRESENTATION 
The Council have made the following nominations of 
members to represent the Institution :— 
L.C.C. ScHooL oF BUILDING—GOVERNING BopDy 
Mr. T. P. Sturdee (Member) (renominated). 


REGIONAL ADVISORY COUNCIL FOR HIGHER TECHNO- 
-- LoGicaL EpucaTion, LoNDON AND Home CounTIES 

Mr. L. E. Kent, B.Sc.(Eng.), M.I.C.E. (Vice-President) 
(renominated). 


City oF SHEFFIELD EDUCATION COMMITTEE : BUILDING 
ADVISORY COMMITTEE 
Professor J. Husband, F.R.C.S<2.I., M.I.C.E. (Past- 
President). 


MACLACHLAN LECTURE, 1952 
The Council announce that as a result of the Compe- 
tition held for the MacLachlan Lecture, 1952, the award 
has been made to Mr. L. E. Ward (Associate-Member), 
for his lecture entitled ““ The Design and Construction 
of a Three-Bay Aluminium Aircraft Hangar at London 


Airport,” which will be presented at a meeting of the 


Institution on Thursday, November 13th, 1952. 
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MACLACHLAN LECTURE COMPETITION, 1953 
The closing date for the receipt of entries for the ne: 
MacLachlan Lecture Competition will be Tu y 
March 31st, 1953. Particulars of the Competition 

as follows :— 


1. The Institution of Structural Engineers : 
institute a written lecture to be known as the MacLachlan 
Lecture, and to be held annually. 


2. The subject of the Lecture may be on any aspect ¢ 
Structural Engineering so long as in every second year 
the subject shall be confined to steel structures. (1953 
is one of these years.) 


3. Entrance into the competition for the Lecture shal 
be confined to Associate-Members of the Institution, vi 
are under the age of 32 years. 


4. All papers entered for the competition shall k 
submitted to assessors to be appointed by the Council 
of the Institution, and all such papers (including the 
prize-winning lecture) shall be available for publication 
in the Journal of the Institution at the discretion of the 
Council. 

5. No paper submitted shall have been published or 
read elsewhere. : 


6. The winner of the competition shall be required te 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of £17 10s. od. 


7- Should a competitor’s paper be considered worthy 
of ranking second in merit he will receive a consolation 
award of {5. = 

8. In the event of there being no winner of the 
competition in any one or more years, whether because 
no lecture is submitted or because no lecture submitted 
is considered to be of sufficient merit to warrant an 
award, or for any other reason, the Institution shall 
transfer these sums to the Research Fund of the Insti- 
tution. . 


PARTICULARS OF THE COMPETITION FOR 1953 

1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1953. 

2. The subject of the Lecture shall be confined te 
steel structures. 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
possible in the text ; if they are essential they should be 
embodied in appendices. Photographs, drawings, graphs, 
etc., which would appear as illustrations to the lecture in 
published form, should accompany the script. I 
additional illustrations would be shown as slides, a list 
of these should be included. 

4. Six copies of each Lecture should be submitted anc 
should be addressed to the Secretary of the Institution. 

5. The closing date for the receipt of entries by the 
Institution is Tuesday, March 31st, 1953. 


RESEARCH AWARDS 
The Council have instituted a Research Prize Fund 
from which awards may be made annually to the author 
or joint authors of papers describing origiral researck 
which they have carried out. Research awards may be 
made for papers read at Headquarters or in the Branche 
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nd published in the Journal, or for papers published in 
the Journal only without being read at an open meeting. 
_ The assessment for such awards will be made annually, 
but awards will be made only to the contributors of such 
eT as reach a standard judged by the Literature 
mmittee to be satisfactory. 


and may include any of the following :— 

(a) investigations of an experimental or analytical 
character ; 
_(b) studies of historical or statistical records : 
_(c) improvements in principles or methods of con- 
struction ; 
_ (d) research into methods of structural engineering 
and building, the nature and use of plant and the 
organisation of engineering work ; 
_ (e) any related or combined studies which are deemed 
by the Literature Committee to be of a research 
character. 
- In cases where the research work described in the 
paper was not the work of one individual, the names of 
vall the collaborators should be given in the paper. 
Awards may take any or all of the following forms :— 
A research medal ; a diploma ; a money prize. 

Application for consideration for a research award 
‘must be made to the Secretary of the Institution, and in 
‘preparing papers for reproduction in the Journal, authors 
must comply with the conditions laid down for all such 
contributions. __ Particulars of these conditions may be 
obtained from the Secretary. . 

In judging research papers, the following factors will 
be considered :— 
_ (a) the nature of the subject and its conclusions ; 
_ (b) the value of the paper in advancing the science 
‘and art of structural engineering ; 
' (c) the standard of preparation and orderly arrange- 
‘ment of the subject-matter. 
_ Research papers will also be eligible for adjudication 
‘for the Institution Medals if they comply with the 
| Regulations governing those awards. 
_ The closing date for the receipt of applications in 
“fespect of papers published in the Journal between 
‘October, 1951, and September, 1952, is October 31st, 
1952. 
; DRURY MEDAL AWARD 


pd The fourth competition for the above award will take 
place in 1953. The subject is the design of the structure 
of a new factory building. The material of construction 


is entirely at the choice of the competitor. The compe-- 


"tition has been designed to encourage ingenuity of 
‘structural arrangement. Economy in the use of steel 
is an important feature of this year’s competition. 

_ Graduates and Students of the Institution who wish 
_to compete are invited to apply for full details to the 
Secretary ; envelopes to be marked in the top left-hand 
corner, “ Drury Medal Award.” 

é The closing date for the competition is October Ist, 
77953. 

_. The general conditions of the competition are as 
follows :— 

__ 1. The competition shall be for Graduates and 
‘Students of the Institution of not more than 25 years 
of age. 

2. The subject of the competition shall be a design of 
‘a structural character, that is to say, primarily structural 
design, not planning. 

3. The subject of design and conditions shall be 
prepared and issued biennially by a group of five mem- 
bers appointed by the Council. 


_ Work submitted under this scheme must be original’ 
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4. The Literature Committee shall appoint a jury of 
not less than five to examine the works submitted and 
to interview candidates, if found necessary. 

5. In order to show that the work submitted is solely 
the work of the competitor, the documents submitted 
shall be countersigned by a corporate member of the 
Institution, or failing this, shall be accompanied by a 
declaration on a prescribed form signed by the candidate 
in the presence of a Justice of the Peace or a Commis- 
sioner for Oaths. 


HONOURS AND AWARDS 


_ In offering their sincere congratulations to the follow- 
ing member on the distinction recently conferred upon 
him, the Council feel that they are also expressing the 
good wishes of the Institution. 


ORDER OF THE BritTisH EmMpirE—M.B.E. 
S/Ldr. H. Jennings (Associate-Member). 


COMMUNICATIONS TO MEMBERS 


The Institution is experiencing difficulty in receiving 
replies to communications addressed to the undernoted 
members, and the Secretary would be glad to be notified 
of their present addresses as soon as possible :— 

W. S. Blount 
P. M. Goucu 
W. C. KEEN 
G. CONNELLY 
J. C. KERR 
N. C. SAGAR 


} (Associate-Members), 


} (Graduates). 


LONDON GRADUATES’ AND STUDENTS’ SECTION 

The next meéting of the Section will be a visit to the 
steel mills of Messrs. Dorman Long &. Co., Ltd., at 
Middlesbrough. The party will travel to Middlesbrough 
by coach on the night of Thursday, October gth, visit the 
mills on the roth, and return on Saturday, October 11th. 
All accommodation and meals are being arranged. 

Hon. Secretary : C. Allen Brown, 43, Coolgardie 
Avenue, Highams Park, London; E.4. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The following meetings have been arranged :— 


Tuesday, October 7th, 1952 
Chairman’s Address, by Mr. W. Bates (Member), 
followed by a film on “ The Erection of the Rainbow 
Bridge at Niagara Falls.” Visit of the President and 
the Secretary of the Institution. The meeting will be 
held at the University of Manchester at 6.30 p.m, 


Wednesday, October 29th, 1952 

Three Short Lectures :— 

Mr. John Drinkwater (Graduate), on “ Reinforced 
Concrete Structures in Coke Oven Plants.” 

Mr. J. W. White, A.M.I.C.E. (Associate-Member), on 
‘““Some Useful Graphs for the Design of Foundations.” 

Mr. R. W. Williams, on “ Secondary Effects of Details 
on the Stresses in Structural Steelwork.”’ 

The meeting will be held in the Reynolds Hall, College 
of Technology, Manchester, at 6.30 p.m., preceded by tea 


at 5.45 p.m. 


Wednesday, November 19th, 1952 
Mr. F. R. Bullen, B.Sc., M.I.C.E. (Hon. Curator), on 
“ Unusual Design for a Large Constructional Shop,” at 
the College of Technology, Manchester, 6.30 p.m. 
Hon. Secretary : A. S. Sinclair, A.M.I.Struct.E., 24, 
Kenwood Road, Stretford, Lancs. 


t 
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MIDLAND COUNTIES BRANCH 
The following meetings have been arranged :— 


Saturday, October 11th, 1952 
Annual Dinner, at the Botanical Gardens, Birming- 
ham. 


Friday, October 24th, 1952 
Chairman’s Address, by Mr. H. J. Morris, M.B.E., 
A.M.I.C.E. (Member), at the James Watt Memorial 
Institute, Birmingham, 6 p.m. 
The President and the Secretary of the Institution 
will attend both the above meetings. 


Tuesday, November 18th, 1952 
Film : ‘‘ Fawley Refinery,’ Parts 1 and 2, at Derby, 


7 p.m. 


Friday, November 28th, 1952 
Mr. E. McMinn, on ‘‘ Tubular Structures,” at the 
James Watt Memorial Institute, 6 p.m. 
Hon. Secretary : L. A. Firminger, A.M.I.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 


GRADUATES’ AND STUDENTS’ SECTION 
The following meetings have been arranged :— 


Thursday, October 30th, 1952 
Meeting at the James Watt Memorial Institute, 
Birmingham, 7 p.m. Details to be announced. 


Wednesday, November 26th, 1952 

Joint Meeting with the Student Section of the Mid- 
lands Association of The Institution of Civil Engineers. 
Mr. E. T. Edwards, F.G.S., A.M.I.Mech.E., on ‘“ Bore- 
holes in the Midlands for Water Supply and Founda- 
tions,’ at Birmingham Civic Centre (Room 129), 6.30 

.m. 
> Hon. Secretary : F. G. Fletcher, 60, Brean Avenue, 
South Yardley, Birmingham, 26. 


NORTHERN COUNTIES BRANCH 
The following meetings have been arranged :— 


Tuesday, October 14th, 1952 
Chairman’s Address, by Mr. A. V. Buttress (Member), 
at Middlesbrough. 


Wednesday, October 15th, 1952 
The above meeting will be repeated at Newcastle. 
The President and the Secretary of the Institution will 
attend on both occasions, 


Tuesday, November 4th, 1952 
Mr. F. R. Bullen, B.Sc., M.I.C.E. (Hon. Curator), on 
“Unusual Design for a Large Constructional Shop,” at 
Middlesbrough. 


Wednesday, November 5th, 1952 
The above meeting will be repeated at Newcastle. 


Tuesday, December 2nd, 1952 
Mr. D. M. Brotton, B.Sc., Ph.D. (Graduate), on 
“Relaxation Methods,” at’ Middlesbrough. 


Wednesday, December 3rd, 1952 
The above meeting will be repeated at Newcastle. 
All meetings will commence at 6.30 p.m., the Middles- 
brough meetings being held at the Cleveland Scientific 
and Technical Institution, Corporation Road, and the 
Newcastle meetings in the Neville Hall, near the Central 
Station. 


7 ot a w a A, > 


The Structural Engine 


Hon. Secretary : O. Lithgow, A.M.I.Struct.E, 
4, Stoneleigh Avenue, Acklam, Middlesbrough. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 


Tuesday, October 7th, 1952 
Chairman’s Address, by Mr. M. C. Gillies (Member), — 


Tuesday, November 4th, 1952 j 
Mr. Stanley Marchant, B.Sc., A.M.I.Mech.E., o: 
“Theory and Practice of Prestressed Concrete.”’ 


Tuesday, December gth, 1952 

Films—‘ Welded Structures’’ and “ New Tyne 
Bridge ’’—kindly lent by Messrs. Dorman Long & Co., 
Ltd. 
All meetings will be held at the College of a 
Belfast, at 6.45 p.m., preceded by tea at the Coa 
League Premises, Wellington Place, Belfast, at 6 p.m. 

Hon. Secretary : S. Duckworth, ‘M.LStruct. E., “ Lisa 
leen,’”’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH j 
The following meetings have been arranged :— 
Monday, October 27th, 1952 
Mr. M. Bridgewater, on “ Aluminium in Structural 
Engineering,” at the Ca’doro Restaurant, Glasgow, 
6 p.m. : 
Tuesday,'October 28th, 1952 i 
Annual Dinner and Dance, at the Grosvenor Restau- 
rant, Glasgow, at 6 o’clock for 6.30 p.m. 
The President and the Secretary of the Institution 
will be present on both the above occasions. 


Tuesday, November 18th, 1952 | 
Mr. E. McMinn, on “ Tubular Structures,” at the 
Ca’doro Restaurant, Glasgow, 6 p.m. 


Tuesday, December 16th, 1952 
Mr. J. H. Huntley, on “ Structural Design of Cranes,” 
at the Ca’doro Restaurant, Glasgow, 6 p.m. 
Hon. Secretary : D. . Drummond, _B.Se., 
M.I.Struct.E., A.M.I.C.E., 11, Woodside Terrace, 
Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 

The opening meeting of the Session will be held at 
the Duke of Cornwall Hotel, Millbay, Plymouth, on 
Wednesday, November 5th, 1952, at 7 p.m. The 
President and the Secretary of the Institution will 
attend the meeting. 

Hon. Secretary: E. W. Howells, M.1.Struct.E., 
c/o Messrs. T. L. Harding & Sons, Ltd., 10-1z, Market 
Street, Torquay, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 


Friday, October 17th, 1952 
Chairman’s Address, by Colonel R. D. Heseltine, T.D., 
D.L., M.I.Struct.E., at Cardiff. The meeting will be 
attended by the President and the Secretary of the 
Institution. 


Wednesday, October 29th, 1952 
The Chairman’s Address will be repeated at Swansea, 
and will be followed by discussion. 


4 


Saturday, November 1st, 1952 — 
The Chairman’s Address will be repeated at oa 
Bay and will be followed by discussion. 


Ietober, 1952 


Thursday, Wateaher 13th, 1952 


Mr. R. G. Braithwaite, M.I.C.E., on ‘ Electric Screw 
iling,”’ at Cardiff. 


_ Wednesday, carter Igth, 1952 
The above meeting will be repeated at Swansea. 


Monday, December ist, 1952 


_A meeting will be held at Cardiff, at which films will be 
jhown. : 
Wednesday, December 3rd, 1952 

_A meeting will be held at Swansea, at which films will 
9e shown. 
_ Meetings in Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, at 6.30 p.m. 

Meetings at Swansea will be held at the Mackworth 
Hotel, at 6.30 p.m. 

Meetings at Colwyn Bey will be held at the County 
Buildings, at 6 p.m. 

How. Secretary «- Ge R:* Brueton;~ A:M.I.C.E., 
ieM.-[Struct.E., 2, Celtic Road, Gabalfa, Cardiff. : 


WESTERN COUNTIES BRANCH 
the following meetings have been arranged :— 


Friday, October 17th, 1952 
-Chairman’s Address by Mr. E. N. Underwood, B.Sc., 
M.I.C.E. (Member). The subject of the Address will be 
“Problems in Practice.” The meeting will be attended 
4 the President and the Secretary of the Institution. 


Friday, November 7th, 1952 
~ Combined meeting with the Institution of Civil 
| eta ‘Mr. G. P. Bridges, A.M.I.C.E., L.R.I.B.A. 
bre on ‘‘ The Design and Construction of Rein- 
forced Concrete Silos and Bunkers.” 


. Friday, December 5th, 1952 

_ Mr. P. J. Ward on “ The Design and Erection of Tele- 
vision Masts.” 

All meetings will be held in the University of Bristol 
Geology Lecture Theatre at 6 p.m., preceded by tea 
at 3:30 p.m. 

Hon. Secretary: E. Hughes, A.M.1.Struct.E., 
39, Effingham Road, St. Andrew’s Park, Bristol, 6. 


: YORKSHIRE BRANCH 
4 The following meetings have been arranged :— 


& Thursday, October 30th, 1952 

| Bchajrrnan’ s Address by Mr. D. R. S. Wilson (Member). 
‘The meeting will be attended by the President and the 
‘Secretary of the Institution. 


x Wednesday, November rgth, 1952 
Mr. G. C. Cummings, B.Sc., on ‘‘ Concrete Grain Silos 
. 5 Louth.” 


By Wednesday, December 17th, 1952 
_ Mr. F. R. Bullen, B.Sc., M.LC.E. (Hon. Curator), 0 
# Unusual Design for a Large Constructional Shop.”’ 
= All meetings will be held at the University, Leeds, at 
30 
Elon, 5 Secrctary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 
B Branch Hon. Secretary ; A. E. Tait, B.Sc., A.M.LC.E., 
.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
‘week-days Mr. Tait can be contacted in the City En- 
eer’s Department, City Hall, Johannesburg. Phone 
34-1111, Ext. 257. 
“Natal Section Hon. Secretary: E. G. Bennett, 
M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O. 
om ap Merebank, Durban. 
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Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E., 
P.O. Box 1692, Cape Town. 


INSTITUTION LIBRARY 


The following volumes have been added to the 

Library :— 

ALLIN, Russell V. Resistance of Piles to Penetration. 
London, 1951. 

BRuEL, Per V. Sound Insulation and Room Acoustics. 
London, 1951. Presented by Mr. C. W. Glover. 

Brunou, C. L. Telai Elastict. Milan, 1951. 

CHALMERS, Bruce (Editor). Progress in Metal Physics, 2 
London, 1950. 

CLraRK, D. A. R. Advanced Strength of Materials. 
London and Glasgow, 1951. Presented by Dr. A. A. 
Fordham. 

Crarts, W. and Lamont, J. L. Hardenability and 
Steel Selection. London, 1949. Presented by Mr. G. S. 
Gowland. 

CRESSWELL, W. T., revised by T. R. D. Davies. The 
Law Relating to Building and Engineering Contracts, 
5th Edition. London, 1952. 

DaLzELL, J. R. and Townsenp, G. Concrete Block 
Construction, Chicago and London, 1951. Presented 
by Mr. C. W, Glover. 

Dawnays, Ltd. Structural Steel Handbook. London, 
1951. Presented by the Publishers. 

FABER, O. and CHILDE, H. L. The Concrete Year Book, 
1952. London, 1952. 

FRASER, M. Work of the Singapore Improvement Trust, 
1950. Singapore, 1951. Presented by the Pub- 
lishers. 

FREUDENTHAL, A. M. The Inelastic Behaviour of En- 
gineering Materials and Structures. New York and 
London, 1950. Presented by Mr. W. Basil Scott. 

GEDDES, Spence. Estimating for Building and Civil 
Engineering Works. London, 1951. 

Guyon, Y. Beton Precontraint : Etude Theorique et 
Experimentale. Paris, 1951. Presented by Dr. K. 
Hajnal-Konyi. 

HERMANN, G. Experimentelle Untersuchung der Span- 
nungsverteilung im Platten von Streifenundamenten. 
Theoretische Untersuchungen uber die Zentrischer Einzel- 
last. Zurich, 1950. 

Hotitowoop, B. Cornish Engineers. Camborne, Eng- 
land, 1951. Presented by Mr. S. J. Crispin. 

HUNTER, L. E. Construction with Moving Forms. 
London, 1951. Presented by Mr. Cyril Parry. 

Lackner, E. Berechnung mehrfach gestutzter Spund- 
wande. Berlin, 1950. Presented by Dr. G. G. 
Meyerhof. 

LEEMING, J. J. Road Curvature and Superelevation. 
London, 1951. Presented by Mr. D. M. O’Herlihy. 
MALLET, Ch. and PacguanT, J. Les Barrages en Terre. 

Paris, 1951. Presented by Mr. P. J. Gerrard. 

ManninG, G. P. The Displacement Method of Frame 
Analysis. London, 1952. Presented by Dr. E. H. 
Bateman. 

MarsuaLt, W. T. The Fundamental Principles of 
Reinforced Concrete Design. London and Glasgow, 
1951. Presented by Mr. A. F. Holt. 

MERCER, L. Boyd. Law of Grading for Concrete Aggre- 
gates. Melbourne, 1951. Presented by Mr. R. V. 
Chate. 

Moore, N. P. W. (Editor). The Practical Engineer's 
Pocket Book. London, 1952. 

Otsen, G. A. Strength of Materials. 
Presented by Mr. E. Markland. 

Parker, H. Simplified Mechanics and Strength of 
Materials. New York and London, 1951. Presented 
by Mr. Newman Tate. 


London, 1951. 


a 


PreEnTIs, E, A, and WuitEe, L. Underpinning : Its 
Practice and Applications. 2nd Edition. New York, 
1950. Presented by Mr. J. L. M. Uren. 

Prosst, E. H. and Comrig, J. Civil Engineering Refer- 
ence Book. London, 1951. 

SEELYE, E. E. Data Book for Civil Engineers, Vols. I 
and II. New York and London, 1951. 2nd Edition. 
SKAYANNIS, A. P. System of Tables for Quick and 
Accurate Solving of any Continuous Beam. London, 

1949. Presented by the Author. 

STEWART, D. A. The Design and Placing of High Quality 
Concrete. London, 1951. Presented by Mr. P. B. R. 
Johnson. 

SUTHERLAND, H. and Bowman, H. L. Structural 
Theory. 4th Edition. New York and London, 1950. 
THIRLWELL, J. B. Strength of Materials. London, 1952. 

Presented by the Publishers. 

Tort, L. and McKay, A. D. D. Practical Mathematics, 
Vol. I. 3rd Edition. London, 1951. 

Tort, L. Definitions and Formule for Students : 
Practical Mathematics. 3rd Edition. London, 1951. 
West, E. G. The Welding of Non-Ferrous Metals. 

London, 1951. Presented by Mr. S. M. Reisser. 

Woop, R. D. Principles of Quantity Surveying. London, 
1g51. znd Edition. 

YARNELL, J. Resistance Strain Gauges, their Construction 
and use. London, 1951. Presented by Mr. H. G. 
Foster. 

Younc, J. McHardy. Structural Theory and Design, 
Vol. II. London, 1951. Presented by Mr. D. T. 
Williams. 

Aluminium Development Association. Proceedings at 
Symposium on Welding and Riveting Larger Aluminium 
Structures. London, 1951. Presented by the Asso- 
ciation. 

Imperial Chemical Industries. Codes and Regulations. 
Railways and Haulages and Road Transport of En- 
gineering Plant and Materials. Safety Precautions. 
London, 1951. Presented by the Publishers. 

Institute of Physics. Memorandum on Gamma-Ray 
Sources of Radiography. London, 1952. Presented 
by the Institute. 

Iron and Steel Institute. Special Report No. 44. Surface 
Defects in Ingots and Their Products. (Recommended 
Definitions.) London, 1951. Presented by the 
Institute. 


The Structural Engine 


Ninth International Road Congress, Lisbon, 1951. 
Symposium of Papers. British Manufactured Me- 
chanical Equipment for Road Construction and Main- 
tenance. London, 1951. Presented by Mr. P. M. : 
Otway. 

Second International Conference on Soil Mechanics and 
Foundation Engineering. Proceedings. Vols. I-IV. 
Rotterdam, 1948. 

Engineering Society of Hong Kong. Proceedings. Vol, , 
IV, 1950-1951. Hong Kong, 1951. Presented a 
Professor K. Billig. 

International Geological Congress, Great Britain, 1948. ; 
Report of the 18th Session. Parts I, II, II, IV, VI, 
VIII, IX, XI, XIV, and XV. London, 1950 and 1951.) 
Presented by Mr. Leslie Turner. 

Roads and Road Construction. Year Book and Direc- 
tory, 1950-51. London, 1951. 

The Quebec Bridge. Final Report of the Governmenia 
Board of Engineers, 1918. Vols. I and II. Ottawa, 
Ig1g. Presented by Mr. S. R. Banks. 

The following papers have been accepted by the g 
Literature Committee for filing in the Library and are 
available for reference :— . 

“The Assumed Deflection Method for the Deter- 
mination of Transverse Stresses in Slabs supported on 
Two Sides,’ by Ronald Noble. (A precis of this paper. 
was published in the August issue of the Journal.) . 

‘Contributions to the Theory of Girder Walls,’’ by 
H. L. B. Uhlmann. (A precis of this paper was pub- 
lished in the August issue of the Journal.) 4 

“ Structural Design of the Medizval Cathedral,” by 
Ronald Oates. 

The paper deals with the development and building 
of the medieval cathedral, and traces the evolution of 
structural design from the goth to the 15th centuries. 
Mention is made of the development of the arch, the 
vaulted roof and the flying buttress, and the growth 
from the early Norman structures to the completely 
buttressed and vaulted Gothic cathedral. Several 
examples are given of the difficulties encountered, both 
in the building and in the maintenance of various 
cathedrals. | 

“Analysis of Vierendeel Trusses by the Automatic 
Method of Successive Corrections,” by Jayme Ferreira 
da Silva, Junr. 

“ Routine Computation of Continuous Bridge Struc- 
tures,” by P. M. Tezner. 


Book Reviews 


Strain Gauges—Theory and Application, by 
Prof. Ir. J. J. Koch, Ir. R. G. Boiten, Ir. A. L. Biermasz, 
G. P. Roszbach, G. W. Van Santen. (London : Cleaver 
Hume Press, 1952. 95 pp., 82in. x 6in. 15s.) 

This book contains six chapters on the various aspects 
of the use of electric resistance strain gauges by six 
different authors, each an expert in his own particular 
field. 

The first chapter begins with a general introduction 
to strain gauge work. The author goes on to describe 
with the aid of very clear diagrams the components and 
construction of gauges, concluding with an account of 
their manufacture. 

G. P. Roszbach gives a comprehensive survey of the 
various types of instruments used and the results which 
may be expected from them. 

The most critical operation, namely, the technique 
of cementing the gauges to metallic test pieces is admir- 
ably covered by Ir. R. G. Boiten. It is, however, 
disappointing that no information is given about strain 
gauge measurements on concrete structures. 


distributions in structural components. 


Chapter 4 concerns the evaluation and interpretation 
of the results ; the author examines the influence on 
the results of variations in gauge factor, temperature, 
humidity, etc. 

Prof. Dr. Ir. J. J. Koch deals capably with the mathe- 
matical theory involved in converting the strain readings 
into values of principal and shear stresses, he also 
summarises the theories of failure by Lamé, Guest and 
Huber v. Mises Hencky. 

The final chapter gives interesting details of the use 
of strain gauges in various types of measuring instru- 
ments such as pressure gauges and dynamometers. 

The diagrams and presentation are excellent, making 
the book a valuable asset to engineers requiring stress 
Di: Moss 


Definitions and Formulae for Students : Practical 
Mathematics, by Louis Toft. (London: Pitman, 1951.) 
38 pp., 54 in. X 4} in. Is. 6d. 

A third edition of this small booklet, which provides 
a useful collection of mathematical rules and formula, 
has been published. 


+ 
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Introduction to the 


I.—Historical 


We have become accustomed to the pressure of the 
‘tmosphere in which we live and fail generally to realise 
he latent power it represents. But we have a simple 
means of recalling it tomind. If we consider a mountain 
ake, its waters also represent potential energy. To 
elease this energy, all that need be done is to install a 
‘uitable plant (a hydro-electric station) at a lower point, 
vhere the waters of the lake exercise considerable 
yressures which can be utilised in work. In the same 
vay, to “awake’”’ atmospheric energy, it suffices to 
yrovide a source of low pressure (a vacuum unit) in 
lation to which the atmosphere acts as an infinite 
‘eservoir of compressed air. 

_ The first demonstration of this was given three 
tenturies ago : in effect, in 1652 Von Guericke formed 
the idea, which he realised shortly afterwards, of proving 
‘he existence and at the same time the power of atmo- 
spheric pressure by the celebrated ‘‘ Magdeburg hemi- 
pheres ”’ experiment. 

Many years were to pass before this fertile idea found 
ts field of application. It was to Karl P. Billner, of 
Philadelphia, that fell the honour of having introduced 
he use of atmospheric energy into constructional tech- 
ique and in particular in view of the treatment of fresh 
crete. The first time this treatment was presented 
0 the public and the Press at Yale University, what 
struck the journalists was the presence side-by-side of a 
vacuum pump and of concrete ;.on the following day 
the caption appeared in the newspapers, “ Vacuum 
concrete,’ and the name—a little misleading, perhaps— 
as born. 


a II.—Analysis of the Vacuum Treatment 


_ A simple illustration will serve better than theoretical 
sxplanation. At the moment this is being written, the 
oncrete of a large building in Geneva is being poured. 
he pillars (columns 1 ft. x 1ft. x g ft.) are being treated 
vacuum ; for this purpose, the inner face of the 
shuttering is covered by a very simple filter (fabric and 
wire mesh). As soon as the concrete is filled in with the 
se of vibration, the filter is connected to a vacuum 
unit. The concrete is immediatély compacted (its 
upper surface sinks) under the influence of the pressure 
HP the atmosphere acting directly on the concrete 
without any machine or mechanical device. This 
ompaction, or compacting process, is accompanied by 
preciable expulsion of water through the filter and 
uch that after 15 minutes the shuttering can be 
oved : the concrete has become self-supporting. 
oi 1. 

e Sen been able to make the full analysis of the 
ature of the physical phenomenon which allows of 
h concrete becoming self-supporting in a few moments 
heights which in practice have exceeded 16 ft. We 
‘summarise it : 

s soon as the filter has been connected with the 
‘ce of vacuum it communicates the fall of pressure 


Paper to be read before a Joint Meeting of the Institution of 
val Engineers and the British Section of the Societe des 

eurs Civils de France at 11, Upper Belgrave Street, London, 
I, on Thursday, November 27th, 1952, at © p.m. 
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| Vacuum Concrete Processes” 


By I. Leviant : 


of which it is the seat to the interstitial fluid of the fresh 
concrete in contact with it ; gradually the ‘‘ depression ”’ 
reaches the whole system of minute channels of the 
concrete, which we may call the “ circulatory system ”’ 
of the concrete in the same way as the assembly of the 
aggregates is called the skeleton. 

The penetration of this wave of depression follows the 
general laws of Fourier which govern the penetration of 
heat into solids ; that is to say, the speed of penetration 
is first of all higher and slows up with time. In practice, 


Fig. 1.—Immediately after the treatment, 
the shuttering is stripped: the concrete 
has become self-supporting. The pillars 
are partofalarge water reservoir(Belgium) 


the speed of the wave of depression varies from # inch 
to 4 inch a minute. 

What happens in a given zone of the fresh concrete 
when the depression reaches the interstitial fluid ? We 
must. go back to “‘ Soil Mechanics” (‘‘ theory of con- 
solidation ”’ of Terzaghi) and note that in a given zone 
of fresh concrete the total pressure is the resultant of an 
intergranular pressure supported by the skeleton of the 
aggregates, and a fluid or interstitial pressure prevailing 
in the minute channels. This total or resultant pressure 
counterbalances the total load : the atmospheric pressure 
plus the self-weight of the concrete above the zone 
considered. In a zone not yet reached by the wave of 
depression, the distribution of the total pressure between 
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its two components is as follows: The interstitial 
pressure is equal to the atmospheric pressure plus the 
hydrostatic pressure due to the interstitial fluid located 
above the zone considered ; its participation is therefore 
known. The intergranular pressure takes the rest of 
the load, which is generally low in relation to the inter- 
stitial pressure. 

By putting the fluid under depression this equilibrium 


is disturbed and a profound change in the distribution of © 


pressures is brought about. The interstitial fluid 
pressure is, in effect, reduced to a point of becoming 
almost nil and as the total load (atmospheric pressure 
and self-weight of the concrete) has not changed, the 
intergranular pressure increases considerably as the 
skeleton is bound to bear what the fluid no longer 
supports. It is thus subjected to an intense compacting 
effect and subsides in the endeavour to regain equili- 
brium. All the solid elements of the skeleton tend to 
approach nearer to each other as if there were an internal 
attractive force between them: the skeleton of the 
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are no longer independent of each other, no long 
“fall” according to the law of Stokes, and could remai 
in equilibrium if the water should disappear. 

At the end of the treatment, the concrete has thus 
composite skeleton formed of both aggregates an 
cement particles. The interstitial fluid which in tk 
untreated concrete is a water-cement paste, is hei 
simply water. 

At the moment the treatment is completed and th 
action of the vacuum is interrupted, on the surface « 
the treated concrete at the outlet of the fine ducts « 
the micro-skeleton (which are a few pu in diameter 
appear an infinity of menisca of very marked curvature 
these menisca are directly ‘‘ hooked” to the peripher. 
particles of cement and give rise to a general capillar 
tie. The material, under the effect of this tie, has suc 
cohesion as to have the character of a solid ; it is in fac 
a ‘‘ pseudo-solid’”’ in the same way as clay. TE 
compression strength of fresh treated concrete—befo1 
any crystallisation of cement—is of the order of 20 Ib 
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Fig. 2—(Tests made by E. L. Conwell & Co. for Vacuum Concrete Inc.) 
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concrete ‘‘ contracts’’ by a mechanism very similar to 
the shrinkage in course of crystallisation, with the 
difference that it has for its seat a concrete in the fresh 
state. 


The contraction of the skeleton reduces the interstitial 
spaces and therefore reduces the volume left at the 
disposal of the water-cement paste. As this reduction of 
volume is imposed on a paste in contact with the filtering 
lining of the shuttering, the paste expels a part of its 
water through the filter and at the same time concen- 
trates. 


The concentration of the paste changes the structure 
of the latter. In effect, the paste before treatment is a 

‘ suspensoid,”’ that is to say, a fluid comprising particles 
of cement in suspension ; the particles are independent of 
each other, fall slowly according to the Stokes law 
(somewhat perturbed by electrostatic interaction) and 
would no longer remain in their respective positions if 
the water were suddenly to disappear. 


By the phenomenon of concentration, the particles of 
cement are brought together to the point of forming a 
‘“‘ micro-skeleton,” that is, a structure similar to that 
which in the concrete, is formed by the aggregates ; they 


sq. in. ; that is not strong, but it does allow the immi 
diate removal of the shuttering of elements 18 ft. high, 

This phenomenon of pseudo-solidification introduc 
into the life of the concrete, between the phase of tt 
fresh, soft, untreated concrete and the solid phase « 
crystallised concrete, a new phase which offers tt 
builder many possibilities. The shutters, instead + 
playing—as usually—a passive part of fairly lor 
duration (they prevent the concrete running before it 
crystallised), acquire an active part which they fulfil : 
a very short time. | 


III.—Characteristics of the Treated Concrete afte 
Hardening 


The concentration of the paste during treatment wit 
simultaneous expulsion of water leads to a marke 
reduction in the water/cement ratio. For example, 
has been possible to bring this down from 0.46 to 0.3, 
All the characteristics of the hardened concrete- 
essentially functions of the value water/cement—a 
thus improved. 

Fig. 2 gives some results of tests made in Am 
which show the comparative increase of compr 
strength of a treated concrete and of the same con 


verter Aa oar. clare 
ma 25) ; < 


nmtreated. In general, the strength is increased by 


900 per cent. in the course of the first seven days as 
ompared with the strength of untreated concrete : the 
'8 days strength is reached in eight to nine days. 


A : Treofked carzcrete 
DB: Ltreoted corcrere 


Fig. 3.—Tests made by the Building and Public 

Works Laboratory, Paris. Variation of strength of a 

10 cm. slab made of concretes of identical plasticity, 
at various cement contents 


Compressor yor atremath tr ky togt em. 


a 


‘Fig. 4.Hardening of a 10 cm, slab, Cement content 
250 Ks/cu.metres, (Tests made by the Laboratory 
_ of Building and Public Works, Paris) 
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shows the strength at 90 days of concretes of differing 
cement contents. It is shown that with cement contents 
of less than 300 kg./cu. m. strengths are obtained equal 
to those of untreated concretes dosed at 400 kg./cu. m. 
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Fig, 5.—Variation of the modulus of elasticity}under 


the action of frost. (Tests made by the U.S. Corps. 


of Engineers) 


It is interesting to note that an appreciable strength 
appears in the course of the first hours as may be judged 
from Fig. 4. 

The tensile strength is also increased ; recent tests 
made in Italy with richly dosed concretes (400 kg./cu. m,) 
—therefore of rather exceptional quality—give the 
following :— 

Flexural strength : 

840 to 980 lb./sq. in. in 7 days. 
1540 to 1890 lb./sq. in. in 28 days. 

The resistance to freezing and thawing is improved, 
but this improvement is less than that which results from 
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concretes. 


But it is not only a question of acceleration of harden- 
ing but also increase of the final strength : the latter is 
nereased, usually from 1200 to 1500 lb. sq. in. We 
oduce in Fig. 3 a curve taken from tests by the 


lic Works and Buildings Laboratory (Paris) which 


(Tests made by the U.S, Corps, of Engineers) 


the addition, now usual, of entrained air in the concrete. 
The association of entrained air with the treatment has 
produced an absolutely remarkable improvement in 
frost resistance (see Fig. 5) ; this is important when 
good resistance to erosion is at the same time required. 
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In effect, entrained air reduces the latter and the treat- 
ment corrects this effect due to the increased resistance 
to erosion which it provides (it is this property which has 
led to the use of the vacuum treatment for numerous 
spillways (Fig. 6.) 

Adherence of the treated concrete to reinforcement 
or to old concrete (repairs) is excellent. 

Impermeability is increased : 
been made in Paris on reinforced concrete pipes of 
60 in. diameter and 5 in. wall thickness have shown that 
under prolonged water pressure of 5 atmospheres, no 
moisture appeared on the outside wall. In Italy pipes 
of 104 in. diameter, prestressed by means of a spirally 
wound binding are in use at 12 atms. inside pressure. 

The modulus of elasticity of treated concrete is always 
better than that of untreated concrete, as is shown by 


Figs, 
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Fig. 7.—Variation of modulus of elasticity of a 

series of 10 cm, slabs. Cement content 300 K¢g/ 

cu.metres. Treated and not treated with variable 

water/cement ratio. (Tests made by the Building 
and Public Works Laboratory, Paris) 


The surface of the treated concrete is free from voids, 
bubbles, or honeycombs. It generally happens in the 
course of pouring concrete that air bubbles are entrapped 
along the shuttering and even good vibration does not 
always eliminate them. In the case of the “ active ” 
(vacuum-lined) shuttering, the moment the treatment is 
commenced, the bubbles are expelled through the filter 
and the spaces left are entirely filled with paste. 

Nevertheless, it must not be thought that the treated 
concrete is a deaerated concrete. In effect, the treat- 
ment does not result in a “suction ’’ phenomenon but 
in a phenomenon of compaction in which the internal 
bubbles—held in place by the play of capillary forces— 
have no reason for expulsion (except in contact with the 
filter surfaces). Vibration remains the sole means of 
removing internal bubbles or in any case the larger of 
them ; thus, this is used in a very effective manner in 
conjunction with the vacuum treatment. 


IV.—Advantages of the Vacuum Concrete 
Processes 
These advantages result on the one hand from the 
application of the treatment to the fresh concrete and 
on the other hand from a set of devices also based on 
the use of atmospheric pressure. 


(a) Various Methods of Applying the Treatment 


The manner in which the treatment of the fresh 
concrete is applied in practice—that is to say the filters 
are introduced with a view to diffusing the depression in 


tests which have just - 


-ing with wire mesh and a fabric of gauze. 


The Struchiral Engi id 


the minute hana of the concrete—varies accordin 
to the form of the elements to be treated. 
In the particular case of elements or structures whicl 
at the moment when the concrete is poured, have” 
large, free upper surface (floors, flagging, big-spa 
arches, slabs, ete.), the treatment is applied by mean 
of extremely simple and light mats which are placed 9 
the surface of the concrete as soon as it is poured— 
bearing in mind that it is not necessary to cover th 
whole surface at the same time. Starting up the vacuum 
causes the concrete to be compressed by the mat at 
pressure of almost a ton to the square foot. ni 

compacting in this case is associated with a small dow 
ward movement of the mat of the order of 4 per cent. ¢ 
the thickness of the treated concrete in ordinary cases 
When it is a case, as is most general, of elements cas 
in a shuttering or in a mould (walls, pillars, pipes cas 

vertically, small span arches, prefabricated elements 
various types, etc.), the treatment device is still simpler 
it suffices to cover the inner face of the mould or shutter 
In this cas 
the treatment device—that is to say, the lined mould— 
applies no compacting actions to the concrete (as i 
the case of mats placed on the surface) ; the mould tha 
comprises no moving parts and it is the direct actiol 
of the atmospheric pressure on the free upper surface 
of the concrete which causes the compaction ; th 
concrete itself “ contracts ’’ within the non- deformabl 
mould. | 
‘ 

(b) Advantages Resulting from the Treatment 


A certain number of advantages are found in th 
various applications : improvements of quality alread: 
mentioned, but above all, and more important, genera 
economic advantages as follows :— 

Saving of labour and power of vibration : due t 
pouring a plastic concrete (and finally obtaining—i 
this case not when the pouring is completed, but at th 
end of the treatment—the most compact concrete tha 
could be wished for, as it is absolutely no-slump). 

Economy in cement: normally, except in specia 
cases, the cement content can be reduced by 25 per cent 
even though finally obtaining a stronger concrete. 

Saving of time: by the more rapid readiness fo 
service, due to the accelerated hardening, both of pre 
fabricated units and of works poured i sztu. é 

In the case—the most frequent—of elements cast f 
“active ’’ shuttering, that is to say, treated by means ¢ 
a simple lining of the shuttering, very great saving i 
shuttering is added to these general advantages : i 
effect, the shuttering is free at the ‘end of the treatmen 
and can be used again immediately. The number c 
casings required is in some cases reduced by as muce. 
as 80 per cent., whilst the additional unit price resultin 
from adapting the shuttering to make it “ active ”’ doe 
not exceed 20 per cent. to 25 per cent. 

An economy in shuttering is also obtained in the cas 
of reinforced concrete floors or large span arches cas 
in situ and surface treated by means of mats. In thi 
case the saving of shuttering is not as big, as it does ne 
result from the phenomenon of pseudo-solidification— 
which would not allow in this case of immediate remove 
of the shuttering—but from accelerated hardening ; th 
shuttering can be removed two or three times soonel 
thus affording a saving in shuttering of the order ¢ 
50 per cent. (in this case it should be emphasised tha 
the shuttering utilised differs in no way from the usuz 
shuttering, as it does not exert the treatment). 

In the case of floor slabs, terraces or floors which ar 
to have a “ finished ” surface (for example, when th 


floors are to be proyaded with a covering aHacie 


oa L's 
i? 


‘ af 


‘ectly to the concrete) for which normally a mortar 
ceed bed must be applied, the treatment completely 
minates the need for such an operation ; the concrete, 
imediately after treatment, whilst compact to the 
tent that it can be walked on without leaving an 
- : 


|\Fig. 8.—Treatment of a terrace. Every few minutes 
‘one of the treatment mats iis shifted. Note the work- 
|man on the left walking on ‘the freshly treated concrete 
without leaving a trace (France) 


nprint, is fresh, and immediate trowelling produces a 
aface to specification without the addition of cement 
rmortar. Instead of having an added coat or finishing, 
perfect monolithic paving is obtained. Vacuum- 


Fig. 9.—Immediately after treatment, the treated 
1 concrete is trowelled 


pot surfaces, moreover, give off no dust, are resistant 
0 shock, watertight and are not subject to cracking 
(less shrinkage). 

A final point, but not the least : in the field of moulded 
prefabricated products, Vacuum Concrete means a 
Saving in the areas required for production and stocking, 
due to the products being disposed of two or three times 
more quickly. 

This rapid disposal results from the more rapid 
ardening of the concrete treated and also in many cases 
from the use of the Vacuum Lifter, a handling equipment 
ing parts of the same technique of the use of vacuum. 


(ce) Various Devices of Vacuum Concrete 
% Technique 


Tarious devices, other than those for the treatment 
f the fresh concrete, form part of the Vacuum Concrete 
echnique : 

“Vacuum Lifter” : handling by vacuum has been 
lready utilised in various industrial fields—in particular 
or handling large glassplates. The vacuum lifter is an 
apparatus specially adapted to handling concrete units, 
ovided in the case of units of large dimensions with 
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a rigid frame which allows of handling without applying 
stresses to the concrete. 


A group of suction heads of very simple type, judi- 
ciously distributed, render the stiffener frame solid with 
the parts to be handled, the inertia of the frame being 
shared by the concrete part. When lifting, it is the 
frame which takes the efforts so that the concrete is 
not subject to the usual concentrated stresses around 
the points of attachment or to the bending moments 
between these points. Due to this, the Vacuum Lifter, 
apart from the fact that it allows for removing concrete 
parts earlier from their moulds, allows for complete 
elimination of additional reinforcing iron for handling ; 
for pieces of prefabricated reinforced concrete of large 
es this often represents 25 per cent. of the 
steel. 


The Vacuum Holder is used for fixing the shuttering 
to the ground or to other shuttering or for fixing vibrators 
to the shuttering. 


Shuttering without external struts: by a special 
arrangement of the filter lining, the treatment is applied 
as and when the concreting progresses in small lifts and 
the hydrostatic thrust of the concrete is progressively 
suppressed in the strips subjected to the action of the 
vacuum ; simultaneously the shuttering is firmly applied 
to the concrete of these same strips by atmospheric 
pressure, which replaces and renders redundant external 
staying. 


Soe 


Fig. 10.—A retaining wall of the Friant Kern Canal 

(U.S.A.). Due to sub-division of the filtering device 

into horizontal strips which are put under vacuum 

successively, practically all the thrust of the concrete 

is eliminated (shuttering without stays). The work- 

men are fixing the filter cloth on the “ active”’ shut- 
tering 5 


“Climbing Shuttering,” applicable when high walls, 
silos, etc., are being poured. In this case, two strips of 
“active ’’ shuttering are used of relatively small height 
(2 to 3 ft.) ; the strip “‘ A’ being in place, the concrete 
is poured to that height and the treatment commenced ; 
as soon as this strip is under vacuum, the strip “ B”’ is 
fixed above it and the concrete for the second strip 
poured and its treatment commenced. In the mean- 
time the concrete of the strip ‘“‘ A’ has pseudo-solidified 
and the strip “ A.”’ is stripped to be fixed in turn above 
the strip ‘‘ B”’ ; the work is continued in the same way. 

Welding the Concrete (Joint Closure) : when it is 
desired to assemble two units of prefabricated wall, an 
‘‘ active ” shuttering is fixed true with the joint (level or 
at an angle) held by holder to the wall units. The joint 
is filled and after treatment of a quarter of an hour, the 
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vacuum is disconnected both from the holder and from 
the ‘‘ active’ part of the shuttering and the shuttering 
is stripped. As the treated concrete of the joint will 
have very little shrinkage, the causes of parting between 


Fig. 11.—Corner welding. Two prefabricated walls 
had been put in place. Between them was a joint. 
The fresh concrete poured into this joint being self- 
supporting after 15 minutes’ treatment, the special 
shuttering was immediately removed and placed on the 
following corner. The workman is smoothing off 
the concrete of the joint which is fresh and soft. (U.S.A.) 


it and the prefabricated units already hardened are 
eliminated ; hence no cracking. 


V.—Fields of Application 
Vacuum Concrete has three wide fields of application : 
Products moulded in concrete, reinforced concrete or 
prestressed concrete ; 
Public. works, particularly hydraulic works ; 
Building—above all when prefabricated. 


Pipe 24 in. diameter and 6 ft. 
high stripped after eight minutes’ treat- 
ment. (France) 


Fig. 12. 


In view of the considerable number of applications 
possible, only a few typical cases can be illustrated, as 


shown in Figs. 12-25. 


. 
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As will be seen from these photographs, the processes 


are generally applied to elements : 


Of relatively simple form, when lining the moulds 


with the filter is simple ; : 


Of not too great thickness—generally less than 1 ft.— 


so that the duration of treatment, which depends upon 


a 


Fig. 13.—Prefabricated irrigation chan- 
nels. These units are cast with their 
convacity downwards; the inner and outer 
shuttering being stripped immediately 
after treatment. By a special device, an 
inner face is obtained smooth as polished 
marble. Note the truck carrying one of 
the units. (Italy) 


Fig. 14.—Multitubular slab for telephone cables. The 

treatment has been applied through the two larger 

faces. The cores being removed immediately, the 
holes remain truly round. (France) 


the time of penetration of the depression into the 
concrete may not be too long ; 

Of not too small size (such as building blocks) as for 
these vibration alone gives a very satisfactory pro- 
duction. 

A certain repetition of the units is obviously favour- 
able. Repetition, however, need not be absolute or 
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Ty great since there is little special plant required, and 
i the other hand there is economy in usual equipment. 
“ VI.—Equipment 

| As a general rule, the Vacuum Concrete processes are 
ased not so much on the introduction of the special 
yulpment mentioned above, as on the saving of large 
art of the usual equipment (shuttering, moulds, 


Fis. 15.—50 ft. electric standard. The 
portable mould is passed in front of 
the concrete mixer from which it is 
‘ filled ; the treatment is applied by 
< the shuttering of the vertical faces— 
including sockets—which allows an 
instantaneous stripping and shutter- 
ing. In 24 hours the standard is 
removed from its base. (France) 


Vibrators, etc.), and reduction in the installations 
(production and stockage areas), not to mention econo- 
mies in cement and steel. 

Lining of shuttering to render it “‘active’’ or the 
introduction of the treatment mats is of minorimportance, 
the more so as the filter cloths can be repeatedly used 
(Gn some cases up to 200 times) ; replacement of the 

' 
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7 Fig. 16.—Banks of the Ottmarsheim Canal (Alsace) 
- covered with slabs prefabricated by the Vacuum 
- Concrete processes. These slabs are taken out of 
_ their moulds after 16 hours. 5,000,000 sq. ft. of these 
: slabs have been made and laid 


cloths is compensated by the fact that there is no 
easing of the active moulds. 

The main new equipment introduced—essentially a 
specially equipped vacuum pump—generally represents 
3 investment less than that of the usual compressor. 
is why the ‘‘ vacuum unit” is becoming, in the 


. 
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same way as the compressor, an everyday tool in the 
yard or on the site. 

Fig. 26 shows the standard unit, normally used in 
works of medium size : power g h.p. 


VII.—Some Questions Usually Asked 
1. Is cement carried away during the treatment ? 


Answer : 


With the gauged filters used, no appreciable amount 
of cement is carried away—some 1/roooth of the cement 


Fig. 17.—Articulated slabs (formed of slabs connected 
by rustless steel) for lining a canal. (France) 


Fig. 18.—Banking of the Donzere-Mondragon Canal 
(Rhone), covered with articulated slabs. Note how 
they adapt themselves to the irregularities of the 
ground. 6,000,000 sq. ft. are in course of production 


content, as there is no rapid flow of fluid in the mass but 
a slow percolation. The water removed comes out 
relatively clear ; it has a little fine turbidity of silt 
particles in suspension. 
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2. Does the evacuated water leave voids in the 
concrete ? 


Answer : 

The water leaves no voids. The drying out must not 
be considered as the result of suction. Aspiration 
without compacting the solid particles could not remove 
water : thus a bottle full of water connected to a vacuum 
pump would remain full. If it were made of rubber, 
atmospheric pressure would compress it and allow the 
expulsion. With the vacuum treatment, the amount of 


Fig. 19.—Pipes 16 ft. high stripped after 
27 minutes’ treatment. A_ single mould 
produces five of these a day. These pipes 
are used under 12 atms. pressure. (Italy) 


Fig. 21.—Drain covered by means 
of arch cast in situ. The “ active ” 
mould is of a length to correspond 
with one unit between joints 
(2.50m.). A single mould pro- 
duces six units a day. (France) 
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water removed equals the contraction of the “ skeleton ” 
of the aggregate. A 

3. When the concrete under treatment has certain free 
surfaces, how is it that air is not drawn through them 
‘through the concrete ”’ ? 


Answer : 


This would happen if ordinary sand saturated with 
water were submitted to vacuum treatment : air would 


Fig. 20.—Installation producing the largest pipes in 
the world (50 tons each). Pipe dimensions : Diameter ~ 
14 ft., height 15 ft., wall thickness 1 ft. (Italy) 


Fig. 22.—Stripping a prefabricated unit of ribbed floor; this unit cast on 
a concrete mould is stripped after 16 hours by a Vacuum Lifter. (U.S.A.) 
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drawn in and would replace the interstitial water 
vhich it would drive out completely. In the case of the 
oncrete, fine menisca form on the surface at the outlets 
if the minute ducts in the paste and their fineness—and 
heir curvature (radius of about 1 micron)—is such that 
he atmospheric pressure is insufficient to release them 
tom their initial position. They ‘‘close”’ the ducts 
ightly. 

4. Is there a risk of removing too much water by too 
wrolonged treatment ? 

{nswer : . 

There is no risk. When the “ skeleton ’’ has reached 
ts most compact arrangement, the expulsion of water 
‘eases automatically even if the vacuum is maintained. 
(he residual water is that which fills in the interstices 
if the concrete thus compacted ; experience has shown 
hat in all cases more water is left than is required for 
he hydration of the cement. In practice, the water/ 
sement ratio has never been brought down by the 
reatment below 0.30. 

5. Are inequalities of treatment found in the concrete 
wccording to the distance from the linings or mats 
ipplying the. treatment ? 

Answer : 

Differences at the end of the treatment are negligible ; 
moreover, capillary circulation after the treatment tends 
to render uniform the water content in the concrete 
1s a whole. 

_ 6. In the case of treatment of floors, does the pressure 
of the mats apply stresses to the stays ? 
Answer : 

The phenomenon is entirely internal ; the mats tend 

to draw nearer the inner shuttering, crushing the concrete 
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Fig. 24.—Stripping a thin arched roof. 
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Fig. 23.—Element of prefabricated wall put in place 
by Vacuum Lifter. (Colombia) 


These elements are cast one over the 


ther every two hours, taking advantage of the strength of the treated concrete 
. eA ; already sufficient at this age 
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slab between them, but neither the inner shuttering nor 


the stays is subjected to additional stress. 
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Part I (A) Simple Spans, Symmetrical Section 


The present article describes the derivation of a 
method by which a direct answer for the beam dimen- 
sions may be found from one equation. Symbols used 
will be referred to when they occur and in a list on 


page 263. 


The Moment of Resistance 


In a composite beam of two materials, the external 
moment at any section (due to the loads and support 
reactions), produces an internal moment consisting of a 
single resultant force in each of the materials, one being 
tensile and the other compressive, of equal value. 

The two forces produce a couple equal to the moment 
of resistance. 

In a concrete beam the compressive force must lie 
within the core of the concrete section, if the stress is to 
be compressive throughout the section. 

The tensile force in the steel is fixed in position, so 
that the lever arm may vary within the limits of the 
cable distance from the boundaries of the core of the 
section. 

The force in the steel will vary from the initial force 
vat the time of tensioning to the final force at time of 
full load, and intermediate stages need not be con- 
‘sidered, as there will be smaller concrete stress for such 
cases. There will be a loss of steel force due to creep 
in the concrete, and a gain in steel force due to the 
‘application of load, and the difference between the two 
May amount to a loss of 10 per cent. to 15 per cent. 
according to the concrete used, the stresses, and the 
position of the cables. 


ty The Two Critical Moments 


_ (a) At the time of tensioning the only external moment 
will be that due to the weight of the beam, 


and for this case the maximum stress must occur at the 
‘bottom fibre : this stress must be the maximum allow- 
able for the age of the concrete, C, ; any lower stress 


will result in an uneconomic section. 
‘i 


G 4g 
*, -_ 
oe Go) 


P, My, 
(e+ h)— 
Ah Ah 


(1) 


here P; = Initial tension in cables. 
e = Distance from neutral axis to cables. 
pee ¥ F; = ,» to bottom 
fibre. 
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restressed Concrete Beams— 
A Rational Design Method 


By Professor R. G. Robertson, M.A., M.LC.E., M.LStruct.E. 


h 5 > - 7 tO’ Uppers 
core pomt;. ==-- = 
Ay 
M, = External moment at time of tensioning. 
A = Area of concrete section, omitting ducts. 
I = Moment of inertia of concrete section, 


omitting ducts. 
C, = Stress at bottom fibre at time of tensioning. 


(b) At the time of maximum moment (M, + M,), the 
lever arm should be at maximum which is found when 
the compression in the concrete lies at the upper core 
point. 


STRESS DISTRIBUTION 
AT TIME OF INITIAL 


STRESS DISTRIBUTION 
UNDER INITIAL LOAD 


STRESS DISTRIBUTION 
UNDER FINAL LOAD. 


¥ BEFORE & AFTER CREEP TENSIONING 
2sc%. 
A d Lhe nd: 
NOTE :- NEUTRAL AXIS IS AT C.G OF NET concrere fas TE 
AREA 


Fig. 1.—Stress Distribution 


Let the stress at the top fibre be C and the force in 
the steel be P = 7.P,, where 7 is a factor allowing for 
the loss of tension due to creep. The stress at the neu- 


rales eG 
d 
ay. 
Seite, Ake Cs oh deed on” ca abel 2h 
d 
The ‘‘ moment of resistance ’’ is the steel force times its 


distance to the upper core point 
M,+M,=P(e+Ah) . . . . . . . . (3) 
The Equation for the Beam Dimensions 


Substituting for (e + h) from (3) in (z) 
P\(M,+M,) My 


POA Ah 


Nie 
. Substituting — = 4 
P, 


CPPORT HM teks se ET ae Re Ae TREE COT een eM ne em merce 2 Ran eae pad ea 
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MAAC Se Mea ee Lone al M, 


Must be reas for Cable a8) have full Eccen-— 


ee Ack? | M,; tricity 
Substituting M, = Let ¢ have its maximum value ¢y in equation (7) 
F M,+ MM, 4d q 
cee or aiishun eye 
NC tae (en) A nts Meg ein hy 18 Gana) nACy y' 


From equation (3a) 
Equation (4) gives the dimensions for a beam of any 


given shape ot cross section for which A and / are (1 —) M,+ M, 
functions of the depth. It is seen that the dimensions Agrees 
depend cn the allowable initial stress C,, the span /, and nh Cy 


the superimposed load moment M,. 


Se eS. ee ee ee ¥ 


Substituting in above 


The Minimum Stress in Top Fibre depends on the My i M, ce, 


So 


Maximum Stress. ee i om 
= = : 
The compressive stress in the top fibre is a minimum (I—7)M,+ mM, GSH | 
at time of prestressing ; q 
From the geometry of Fig. (1). M,+ M, & tA y' : 
= oe 
. eke ass a (i , ; 
i y M, ( eo th y»¥ Coe ee 3 
eaeee (I 0) —?-sS —--1)) 
y’ M, p h | h d ‘ 
; a : t 
For C’ to be Sy — . ; 
or re be compressive C = 4 F Came 5) hh tae ) 
: 7 
M J d 
The Maximum Value of ¢ se See 
The value of e is given by equation (3) M, | e site 
a I—7 | 
M,+M, f | 
aha h 
P %o | 
. = —— — |, i 
eg oat eer heere h iy 
Substituting for P from equation (2) : 4 
ue &9 ; 
M,+M, d Sy c 
C.= Se a Th aan EAE Ase Feber cara ty y’ h 
AC y ‘ 
M, ae 
Giving C its minimum value from equation (5) For a rectangular beam ap > I appr. : 
2 
M,+ M, d 
es — FB Oe eet a be (PED EO, 
nAC, y For a thin J beam — S&S 4 appr. a 
7 Ms, { 
The Maximum Stress in the Top Fibre My, : 
Economy of steel will result when e has its maximum A smaller value of — requires that the cable 
value, and therefore C must be as small as possible, M, ’ 
consistent with equation (5) and equation (6). | eccentricity is reduced. # 
For economy of steel C should not exceed the value Aa 
given by equation (5), or by substituting e = e, the Summarising the above Pry 
value given by equation (6), whichever is larger governs. (a) when superimposed load is large compared tom 


beam weight. 
From (5) for no tensile stress in top fibre, minimum 


M, sg at M, ad | 
AS C= 1—-Qy @ 


y 
A greater value of C than the greater of these will d el? 
involve a larger cable at less eccentricity ey is Maximume = 
economic. ay Cy 8 


(7b) 


- When superimposed load is small compared to 
| a weight. . 

‘ Equation (7) gives too large a value for e ; e must be 
given its largest possible value ey. There will always be 


yeompression in the top fibre. From Eq. (6) : substi- 
A A pl? 
Biuting é = é@é and M; = ——_; 
hs 3 
d I el” M, 
y Oth 8 A 
From Eq. (2) 
x : 
eNO ee ei saan eit te! a alm oe (Ba) 
d ' 


. These equations complete the beam design for which 
_ Eq. (4) gave the dimensions. 


f The Effect of Cable Ducts on the Section Properties 


_ The above design equations (4), (7), (8) use expressions 
‘for A, h, y, vy’, which are functions of the depth of the 
beam: for any given shape of beam, but it will be seen 
that the cable duct openings must be omitted from the 
section. 

_ The ducts are grouted subsequently to tensioning 
_the cables, and as the compressive stress in the concrete 
"surrounding the ducts is reduced by the application of 
load, the grouting cannot take stress. The effect of the 
"steel on the moment of inertia has been eliminated by 
“tising the known (approximately) final stress in the 
steel at the time of full load. 

@. As the area of the ducts is small, the properties A,, 
% iy, ‘ae yf L of the gross section may be used instead of 
A, h y, y’, if suitable correction factors are introduced. 
“Let the area of the ducts be gAy. 

@® Then A = A, (1 — 9). 

: _ The value of g may be 6 per cent. for Magnel type 
cables, but powers of g may be neglected. 

m4 The neutral axis of the gross section will be raised by 


he Ad 


ye by deducting the ducts so that 


b= ep, =F ge 
DS Sana 
Oy A Sees res ele 
=+4,¢%&—q A, (e + ge) 
ef —¢ A; 4 
I I, — ¢ A; 2 
Ay A; (I — 4) (v1 + 9) 
nn 
Bee G (Var 
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‘Thus h depends on e and equation (4) shows that the 
value of A must be increased if h is reduced. 
The effect of the ducts in reducing h is greatest when 
é is greatest, and y, and h, are smallest. 
d 
h is least for a rectangular beam when h, = — 
6 
d 
and y, =— 
ey, 
e has a maximum value of about .8 y, = .4d. 


For the worst case, therefore, for a rectangular beam, 
h = h, (t — 1.7q). The minimum duct size should 
always be used, but allowing for the largest ducts, with 
q = 6 per cent., then*the least value of h is h = .ghy. 
This value may be used in all cases as the error for 
smaller ducts at smaller eccentricity will give a beam 
section larger than absolutely necessary which will add 
to the factor of safety. Therefore let 


Avs. .94.A, 

Ehren E00: C1 

y = 9 + .06¢, 
y= yy — 00 & 
hy = .0h, 


and the design equations (4), (7), (8), may be modified, 
so that the dimensions used refer to the gross section, 
and the ducts may be ignored. 

Thus equation (4) becomes 


el? 
85 n Ay hy Cy — .94 (I — 4) Ay —— =M,. (10) 
8 
Equations (7), (7b) become : 
1.06: é) yy 2= — gh, y', + 1054 e hy 
d el” M, 
+ ( + ) Ua Peeite OR Mga cr tee 
n Gg\ 8 .94 A, 
6 au oa 2 a 
plane ar 2 a Merete Sy yok) 


Equations (8), (8a) become : 
(€9, = Maximum possible value e,) 


d I ol? M, 
Vy + .06@, 1.06 é, + .ch,\ 8 .94 A, 


¥1 + .06 ey 
Pas Oe OS regres i a Bch 8 att a eR) 


Equations (13), (14) are only required when the value 
of e, given by equation (11) is too large for the size of 


1 
the section, i.e., when — exceeds the values given on 
M, 
page 260, 
The Cable Profile 


M,+M, 


The maximum moment diagram for 


the distance of the resultant force in the concrete above 
the cable at all points of the beam at time of full load, 
Fig. 2. 
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If a line is drawn at distance 4, from the base, the 
intercepts will give the upper limit for the cable position 
relative to the neutral axis, so that tension cannot occur 
in the bottom fibre at time of full load. 


M, 
The minimum moment diagram for — will give the 


if 


distance of the resultant force in the concrete above the 
cable at time of tensioning. Fig. 3. 
If a line is drawn at e, from the maximum value of 


— the intercepts will give the lowest limit of the cable 
P, 


position so that the bottom fibre stress shall not exceed 
C, at time of tensioning. 

The diagram of Fig. 2 may be superimposed, as shown 
dotted, to give both limits of the cable profile. 


BASE FOR 


M,+ Me 
par 


NEUTRAL AXIS 


EXAMPLE (1) 


Rectangular Beam 


See “‘ Prestressed Concrete,’’ Magnel, p. 28. 
cae 70'.M, = 3 X ic$ Ib. in. per foot width. 
85,.G c= £5007 C= 27200b 121, 


*It is necessary to discover if a smaller value of C 
may be beneficial. 


NEUTRAL AXIS 


Fig. 3 
d d I 
ey eG ha == h= —_ => — 
2 6 11.5 
Equation (10) 
d2 


85 x 85 X 12 X 1730 X — 
6 


8407 
404 “X .15) X 12x 


aR aLe BOSON (Oa 
g2 
*, d* — 5.2 d — 1200 = 0 
*, d = 37.4” (Magnel gives 38’’) 
Use d= 138". 44 = 0.3"). = 9 pf = 19 Ay = 456 
Equation (II) 
38 


.06 e,2 — 20.1 e, - ——————_ 
85 X 1730 


X, The Structural Engine 
8407 5.<%. 10° 
Soa) 7 5.7 x 19 — -33 &# 
92.94 X 456 ; 
. €42 — 330 €, €: + 4,520 = 0.°. &, = 14.5" * 
Magnel type cables require cover to centre 5” so ts 
must not exceed 14” ; ; 


a | 


q 
i 


Hence equations (13), (14) must be used with ey = 147 


3. r0* 4 
94 X 456 

*It is seen that a value C = 1500 is larger than neces- 
sary. i 


Equation (13) 


38 r e 
. 19.84 14.84+5.67 \ 92 
= 1390 Ib./sq. in. 


4 


Equation (14) : 


94 X 456 X 1390 X 19.84 
38 


= 310,000 lb. 


(Magnel gives .85 x 372,000 = 
316,000). 


The brevity of the calculation will be appreciated by 
comparison with that quoted. 


a| 


d +48" 


a|Q 


Fig. 4 


EXAMPLE (2) 


Symmetrical I Beam 
See ‘‘ Prestressed Concrete.” 
Pp. 4h: 
Span = 80’, M, = 11.5 X 108 lb. in. 
He aS; . Gade SOG: Me ees AD 
Assume a section shape as Fig. (4). 
Ay i= «407 Ode 22.46 
hy 32295.8 = 13.2. 


Abeles. 


Equation (I0). 
85 xX .85 X 22.4 X 13.2 X 1500 5 
960? 
— .94 X .I5 X 22.4 X —— b=II.5 x 108 
g2 
«. b = 40” web thickness = 8”. 
(Abeles gives 36”, and 7}’’, but he includes the duct 


area in the stressed section, and if this is done the above 
equation would give b = 34”). 


Ve 


Lat ie ee 2) 


M, => 9 S108 


ely Ge 120!" 
Equation (13), (14) with e5, = 20”. 


48 23,600 
C= —— ————— = 1,360 lb./sq. in. 
PAS OA PRG) EEO 
P = .94 X 22.4 X 40 X 1,360 (4 + .025) 
= 600,000 lb. 
(Abeles gives .85 x 690,000 = 590,000 lb.) 

It is observed that the results in the above examples 
are obtained without undue labour, or recourse to more 
than the 16 symbols required for the equations (10) to (14). 

These 16 symbols are recapitulated first. 


16 SYMBOLS FOR FinaL DESIGN EQUATIONS 
‘A, = Gross area of concrete section, including area 
of ducts. 


b = Overall width of section. 
-C = Maximum top concrete stress at time of full load. 
‘C, =.Maximum bottom concrete stress at time of 
tensioning. 
@ = Overall depth of section. 
/@, = Cable distance below neutral axis of gross section 
: area. 
€), = Maximum possible value of e, in regard to depth 
i of beam. 
/h, = Upper core point distance from neutral axis of 
¥ aye 
a“: gross section area 
} sen aay Vy 
|# =} Span of beam in inches.. 
‘M, = Moment due to weight of beam. 
‘M, = Moment due to superimposed load. 
_P = Tension in cables at full load. 
_P, = Tension in cables at time of tensioning. 
_¥, = Bottom fibre distance from neutral axis of gross 
if section area, 
’, = Top fibre distance from neutral axis of gross 
£ section area. 
- = Ratio of cable tension at full load to cable tension 
t at time of tensioning. 
“ = Density of beam in lb./cubic in. 


“ir SYMBOLS ALSO USED BUT NOT PRESENT IN FINAL 


& DeEsIGN EQUATIONS 


A = Net area of concrete section excluding ducts. 
ne = Cable distance below neutral axis of net section. 
ied VE 

-h = Upper core point distance, = — 


I| 


o A 
y Bottom fibre distance from Feats axis of net 
1 section. 
Top fibre distance from neutral axis of net section, 
Moment of inertia of net section. 

Moment of inertia of gross section. 

Stress in top fibre at time of tensioning. 

Ratio of area of ducts to gross area of concrete. 
Maximum moment = M, + M, 

Maximum possible value of e. 


tiled ded 


7 B) The Best Shape of Section for a Specified Depth 


It is seen from Equation (4), page 260, that the area of 
crete section will be reduced if 4, the upper core 
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distance, is increased. Also on page 261, that a small 
addition in area, gA, at eccentricity e below the neutral 
axis will increase the value of h by 


é 
if: (e + h) — 4 
y 


This shows that an increase in # can be obtained by 
adding area below the neutral axis, provided any addi- 
tion is below the depth given by 


e h 
. (z) 
y e+h 
In the Example (2), page 262: h = .275 d 
yo .5 a 


An increase in h will be obtained by increasing the bottom 
flange width, which will result in a decrease in the area 
of concrete. 
EXAMPLE (3) 

Modification of Example (2) with thinner flanges and 


_ bottom flange twice the width of the top flange. Fig. 5. 


ee 


eee ss 
ule =e 
UPPER CORE POINT 
h,= -34d = 16-3" 
___| | NEUTRAL} AXIS 
y, 


4d =19-2" 


mn 


ie 


Fig. 5 


See “ Prestressed Concrete,” Abeles, p. 43, Example Bz. 


Ag Pee 2S c0d atm Vie Ae ee 10.2), hy =e Bh eee 
16.3” 
aes STA aR te a 7 a Oy en COLIS | 0 ae 1 AP ete 


I 


Ib. jetaine-sa = an 
II.5 Cay = 1G 

*C depends on the properties of the section and 
cannot be assumed as 2250 Ib./sq. in. (Abeles) but may 
be checked that it does not exceed this. 
Equation (10), page 261. 

b(.85 x .85 x .28 x 48 X .34 X 48 X 1500 —.94 X 

960? 
I5 X .28.x 48 x ——) = 11.5 xX 108 


Gz ==4r50001b,/sq. in. pa== 


g2 
b = 53” (Abeles gives 48”) 
Ay, = 9t0.sqe In; 
A = 670 sq. in. (Abeles gives 650 sq. in.) 


Equation (13). 
48 I 960? LE eae NOG 
il Ghee ee ee ~~) 
Si2ora) 176g) Td Na 94 X 710 
= 2030 lb,/sq. in. 
Equation (14). 


20.2 
P’.94 X 710 * 2030 —— 
48 
= 570,000 Ib. (Abeles gives .85 x 692,000 = 
590,000). 
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d 
If flange and web thickness had been assumed as — and 
6 


b 
~ respectively, the width 6 would have been 46” and the 
6 


cable tension 630,000 lb. : this would have compared 
more exactly with Example (2) and shows a saving of 
concrete of 12 per cent. compared with the symmetrical 
section of the same depth and flange thickness. 


d 

The thinner flanges— show a further saving in concrete 
XS 
O 


As the resultant concrete compression force may vary 
its eccentricity between the core points the greatest 


CAH 


range in internal moment allowable is ; the range 


2 


in external moment is due solely to superimposed loz d 
and may be found for any given loading and arrange- 
ments of spans, and its maximum value may be denoted 


CAH 


M,; then 1 PRP ee § 


IV 


2 


ae 

eka Monk essone eae ag gen | 
ee 

; u 

: 3 


area of 12 per cent. and a reduction in cable tension due 
to the reduced dead load and increased “ core distance ”’ 
lever arm. : 

It is suggested that the above method is quicker, 
having one equation for the beam dimensions, and using 
few symbols, and that it is an advance on any yet seen 
by the author. 


Continuous Beams of Uniform 
Symmetrical Section 


Part II. 


A. Cast In Siru BEAMS 


(1) The external moment at any section equals the 
internal moment ; this is given by the cable pull times 
the lever arm, i.e., the cable distance from the resultant 
concrete compression. 

As the cable pull is sensibly constant throughout the 
length of the beam the lever arm is proportional to the 
external moment, and is not a constant fraction of the 
depth of the steel as for normal reinforced concrete. 

The lever arm may be found by dividing the external 
moment by the cable pull. 

The stress distribution at the sections under maximum 
moment should range from O to C at the extreme fibres 
of the section, to give minimum steel area with no 
tensile stress, so that the cable pull is given by 


CA 
Sp eS Te en RC RRC Ge” Ree iy ee 


As the maximum lever arm is (e, + h) the greatest 


CA | 
internal moment allowable is —— (eg + Ah). The 
= ‘ ) 


greatest external moment allowable is therefore greater. 


& th 
2h 


which is 1.7 for a rectangular beam but is less for J 
sections. The greatest external moment consists of 
the sum of the moment due to superimposed load, and 
the moment due to the self weight of the beam, which 
latter may be found in terms of A, the area of section ; 
let M, represent the greatest external moment, then 


CA 


than the range in moment allowable in the ratio 


(+S) S Me ee eee 
2. ‘ 


Eq. (3) is not required unless 
M, €ég +h 
= 


M, 2h 


A beam of any given shape of cross section has vabicd 
of A, H, éo, h, given in terms of d the depth ; the dimen- 
sions May therefore be found from Eq. (2) or Eq. (3). 
whichever requires the larger section. 


_ The critical sections both for range and for maximum 
moment are found either at a support or close to the 
centre of a span, and at the critical section the cable 
eccentricity is determined, as follows : 


(2) Tur CABLE ECCENTRICITY 


If range of moment governs the dimensions, then the 
prestress moment must equal (and must neutralise) the 
mean of the applied moments at the critical section, and 
this determines the cable eccentricity there. If maxi- 
mum moment governs the dimensions, then the cable 
must have maximum allowable eccentricity at the 
€ritical section. 


sok. 268s 


ioe led TH 18 IN| INCHES . 


Hea . 


eres NS. 


1 ~ 
5 At all other sections the cable may be placed at any 
eccentricity provided that the amount of the external 
"moment, not neutralised by the cable pull, does not 
exceed that at the critical section ; this allows the cable 
profile to be adjusted, except at the critical sections, and 
this adjustment allows secondary moments to be 
F: eliminated. 
___ The procedure may best be carried out on a diagram- 
' showing the maximum and minimum external moment 
Perc lopes, Fig. 7. 
If the prestress moment is created without causing 
Beeconidary moments, then the cable curve will have the 
profile given by dividing the prestress moment by the 
_ cable pull. 


(3) Elimination of Secondary Moments 


“ The moment caused by prestressing a continuous 
beam will not be the cable pull times its eccentricity, 

unless the cable profile is so arranged that no support 
reactions are created when tensioning the cables. 


a) Balancing the Cable Profile 


7 There will be no support reactions created by pre- 
stress when the beam is freely supported and when 


h “ Era k 2 lf Pe %_ dx 
org EI, |, o/ El, I, 
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This means that for a uniform beam the moment of the 
area of the cable profile divided by the span length about 
the left end of the span for the left-hand span is equal in 
value but opposite in sign to the same expressions for 
the right-hand’ span, about its right-hand end ; each of 
these expressions represents the end rotation of the beam 
due to prestressing. 


(b) Two Spans 


For two equal spans, each of the expressions would 
have to be zero, and this is difficult if the cable is brought 
up to the top of the beam over the support; moreover, 
any support reactions created by prestressing reduce the 


Maximum Momenr 


BN i 
A Nee es ee 
Aiea: 


i: 
ae} 
= 
9 
Ed 
3 


rani 
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prestress moment at the centre support, so it appears 
that two equal spans, do not give an economic solution 
for small span prestressed beams of uniform section, for 
this reason as well as that the moment range equals that 
for.simple spans. Freyssinet has suggested adjusting 
the support reactions by jacking (JOURNAL INST. C.E., 
Feb., 1950), so that he could eliminate this defect, but 
such a procedure would not perhaps be justified with 
small spans. 


(c) Three Spans 


With three spans, however, the prestress can be 
applied without creating support reactions, by allowing 
rotation at the supports, thus permitting a +-ve value for 


'F %y ax 


0 I, Ly 

in the side spans (taking e as +-ve above the axis), Fig. (7) 
and adjusting the cable profile so that the end rotations 
of the centre span are identical in value to those for the 
side spans. Let Pe be the proposed prestress moment 
value at any point. For asymmetrical three-span beam 


| 
the balance is rapidly estimated by summing — ¢ at each 
1 


CUR OOS Pte se ee ee 
‘ 


Pe some ee ee 


tenth point of the first span, using half the first and last 
ordinates to the sum of the nine interior ordinate multi- 


l 
plying by 4 and adding the result to the area of 
10 


the e diagram over the first half of the central span. 
Fig. 9. 

The total is to be made zero by adjusting the profile 
of the cable curve in the quarter span region without 
altering its values at the critical sections. 

*This procedure. normally requires a positive result 
for the side spans and negative for the centre span, which 
means a downward beam curvature in the side spans 
and upward in the centre span : if the downward move- 
ment were resisted by the centring, the beam would 
tend to lift at the supports and precautions to prevent 
this were necessary or cracking could occur. Such 
precautions are obviated when applying the method 
to a beam precast in sections and erected in one length, 
or as three simple spans, as described in Part II B. 


(d) Magnel’s Cable Profile 

It is evident that a predetermined expression for the 
cable profile such as suggested by Professor Magnel in 
his book “‘ Prestressed Concrete,” will not enable this 
to be done, and the cable protle of fixed shape will 
involve support reactions and secondary moments which 
alter the desired .prestress moments. The desired pre- 
stress support moments can be achieved by trial, as 
suggested by Professor Magnel, but this alters the mid- 
span prestress moments and the method is more trouble- 
some than the adjustment of the cable as now proposed, 
so that Pe represents the prestress moment at every 
section, 


(4) Effect of Gabte Ducts 


Allowance for cable ducts may be made as in Part (1) 
by assuming the worst position of the ducts and using 
correction factors for the corresponding dimensions of 
the gross section as given on page 260, except 
that the value of the “ core point’ distance H is not 
given on p. 261; as the lower core point distance is un- 
changed by the presence of the ducts, hence 


= S1i9 tk, == yan se 


Substituting these correction factors (see page 261, 
Part I) and. noting that (e9,; + /4) is always less than 
(eg + #) and may safely be substituted in Eq. (3) 


Begs Wn)" becomes? =e 7 OAR a ar in ptm eA) 

SS Py (24 a Oi eae OS: als Page ap emer on Ly, Peery 
CAs 

Eq. (3)0 5 5 Gy (Gon, rer Ses ei) 
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These equations define the section in terms of the 
gross area, and allow for the largest ducts at the greatest 
possible eccentricity. 


(5) Economic Span Ratios for Three Spans 


For small spans with comparatively large live loading, 
the range in moment will govern the size of beam 
required, see Para. (1), Part (2). 

In comparing a three-span continuous beam with 
three simple spans, two cases arise 

(a) when the total length to be spanned is given, — 

(b) when the central span length is given but the side 
spans may be any length to give the most economic 
solution. 


- 


(a) The economic ratio for the spans fers a uae One 
moving load is 1 : 1.2 :1, which shows a 5 per cent. 
reduction in moment range compared to three equal 
simple spans of the same total length. 

With uniform moving live load, however, the con- 
tinuous beam gives 8 per cent. greater moment range 
than the three equal simple spans. 

The economy of the continuous beam is therefore very 
questionable in case (a) except for large dead loads. 

(b) When the length for the side spans is 2/3 of the 
central span, the moment range in the centre span is 
about 30 per cent. less than that for a simple span of the 
same length as the centre span, either for a uniform or. 
for a point live load. 

When the length of the side spans is 1/3 of the length 
of the central span, the moment range is about 40 per 
cent. less than for a simple span of the same length as the 
central span, either for a point load or a uniform live” 
load. 

Shorter side spans reduce the moment range for point 
loads still further but for a ratio less than 1/4, the range 
for uniform live load again increases and with short side- | 
spans the ends of the beam would need Geis against — 
uplift. 

It appears therefore that a continuous beam is more _ 
economical than simple spans if the centre span is 
considerably larger than the side spans. Example (4) 
illustrates this. ! 

It will be seen from Appendix (2) that the support — 
moment range is less than the central moment range” 
for a single point load, and the support moment range 
is only about 5 per cent. larger than the central moment 
range for a uniform live load, for side-span length greater 
than 2/3 of the centre span length, so that for thecal 
spans a uniform beam will be more economical than a — 
haunched beam, when live load governs the beam 
dimensions. Example (6) illustrates this. 


(6) The Max. and Min. Moment Envelope for 
Moving Loads 


The few published examples of moment envelopes 
found by the author are not applicable to the above 
cases. 

The cable protile design requires the curve of the 
moment envelope, as well as the maximum and minimum _ 
moments at support and midspan. 3 

The moment envelope, for a movable uniform live” 
load, and for a moving single point load is given in 


a a ee 


Fig. 6 for a side span 2/3 of the centre span. “a 
(7) EXAMPLE (4) Fig. 7 a 


Ss 

HiGHwAyY BripGe DEsicn For Cast IN Situ SLAB 

DECK B 

Spans 40’ ; 40° working stress 2000 lb,/sq. in. : 
Semen Load - 20 lb./sq. ft. for surfacing, plus 

Live Load % 

220 |b./sq. ft., plus 2700 Ib./ft. width point load. % 
The greatest range of moment occurs at midspan and — 


~ 


M, =. 44 ft. tons. 


ee ee 


d 
Eq. (5) ; -45 X 2000 x 12d KX -~=44 xX 22404 x 12 
d = 18" | 
$ 


Note: Part (I) gave 25 in. depth for a simply 
supported central span and 16 in. for the side 
spans, so that the continuous beam gives 15 per 


on vee in concrile and 28, per ‘cent. saving 
i central beam depth. i 


The Maximum Moment o occurs Bi a support : 


Dead ee Moment : See App. (2) : 
I ‘ 
074 x 225 x 60? x —— = 27 ft. tons. 
2240 


_ Superimposed Load Moment plus Live Load Moment : 
-* : Z 
074 y 20 X 60% x —— + 
"ie 2240 


a 
ba 


ie 


(081 x 220 x 60? + .094 X 2700 x, 60) = 38 ft. 


2240 tons. 


-,Maximum Moment M, = 65 ft. tons. 
* This i is less than 1.7 times M, so the above section is 
peuificient, see Para. (1), Part (2A). 


_ 


TS eee 


I 


: § ‘Eq. (4) gives P = .47 ‘12 x 18 x 2000 x a 
ts jc 2240 
hae go tons. 
~ Dead Load Moment at midspan = — 18. 
_ Maximum superimposed Load Moment = — 37 
_ Minimum . my poo ee 


The prestress moment at the centre of the central span 
must neutralise the mean moment there, which is seen 
“to be — 33 ft. tons, and the cable eccentricity must be 


ne The amount of applied moment not neutralised by 
prestress is + 22 ft. tons. 

_ At the support, the maximum moment is 65 ft. tons 

‘so that prestress moment must be (65 — 22) = 43 ft. 


ie ,, 43 
‘tons and the cable eccentricity must be — x 12 = 


go 


| This is the largest eccentricity, and is .3 d only. 
Under dead load alone, and with 15 per cent. increased 
cable pull at time of initial tensioning the SuRPon: 
moment is 


(27 — 43 X 1.15) = 


5 The initial cable pull is 90 x 1.15 = 103 tons. 
_ The initial stresses are, therefore (allowing for cable 


7-22) tt, tons: 


+- 
Ah A 


22 X 12 X 2240 


105 X 2240 
pee 2TOs es 94216 
+ 2210 lb./sq. in. or + 70 Ib. sq. in. 


in ‘compression. 

The cable pull of 90 tons requires the same amount of 
steel as for three simple spans but there is a saving in 
end anchorages, in concrete, and a 25 per cent. saving 
in central beam depth. 

The cable profile is adjusted with due regard to the 
ft. tons moment difference allowed between the pre- 


‘stress moment and the maximum or minimum moment 
at each section, as shown in Fig. (7). 


(8) Effect of Increased Initiai Cable Tension on the 
Initial Stresses 


(a) Initial Tensile Stress - 


Under final loads no tensile stress has been allowed in 
the concrete. 


C 
Concrete tensile stress of — has been suggested by Mag- 
10 


nel as permissible, together with a reduction of 15 per 
cent. in the initial cable tension due to creep. See his 
book “ Prestressed Concrete.” 

Let the initial cable pull be increased, at time of 
initial tensioning, by .15P, to allow for the difference 
between the loss due to creep and the gain due to load. 

At a section where the cable has maximum eccen- 
tricity, and where the dead load stress might be zero 
at the extreme fibre opposite the cable the increase in 
initial pull of .15P would cause initial tension of 


1 é 
iy G a :) 
A h! 


The maximum value of — is 2.5 which occurs in a 
h' 


rectangular section with maximum cable eccentricity. 


Substituting this value : 


Initial tension = .15 


mindy: 


It appears therefore that provided no tension is allowed 
under working conditions, the increased initial pull will 
not cause undue tensile stress in the concrete ; moreover 
any cracks formed would close up as soon as the 
initial excessive cable pull was reduced by creep. No 
tensile stress may actually be involved as the cable 
eccentricity may not be its maximum, and the dead load 


- stress may not be zero. 


(b) Inttial Compression Stresses 


The maximum initial compression stress occurs at 
the section where the dead load compression stress is C. 

Due to an increase in cable pull of .15P there will be 
an increase in compression stress 


P fe ie 1.06 é, 
a —(C+1)- (— +2!) 
A\h ; 2 Gh, 


CG ey 
when — = 2.4, 
3-4 hy 


i.e., for rectangular sections with maximum eccentricity. 
Magnel indicates that the initial stress may be larger 
than the working stress by a similar amount, no danger 
being involved by overstress at this stage. 


which has a maximum value 


Note 1: In both the above cases the additional 


e 
stresses depend on the maximum value of —, which is 
h 


often not as large as given above and is smaller for I 
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section beams, so that the initial stresses given above 
would be correspondingly reduced in most cases, see 
Example (4). 


Note 2: The same considerations apply to Part (I) 
in which some economy of section may result by allowing 
tensile stresses at time of initial tensioning ; the same 
dimensions will be found, however, when //d is large, as 
no tension can occur in that case. 

Design equations (10) and (11) of Part I may be used 
with » = 1, if C, is reduced suitably (20 per cent.). 

*NoTE 3: The considerations of Note 2 may be 
reversed and Equation (1) of Part I applied to a con- 
tinuous beam to check that the initial stress C, is not 
excessive. 

This could occur when the superimposed load consists 
largely of uniform dead load in which case the minimum 
moment will be the beam weight moment, which is the 
moment at the time of initial tensioning. 

In such cases Eq. (1) of Part I should be used to 
determine the section, substituting the dead load co- 
efficient of Appendix II for the fraction 4 in the ex- 


; 2 
pression for the beam weight moment Ae — of Eq. 
8 


(4) and (ro) Part I, and using the maximum moment due 
to superimposed load for the continuous beam for M,. 


Note 4 : The Range in Moment 

The range in moment due to live load and super- 
imposed dead load will only be increased by the latter 
if the sum of the moments due to both, cannot change 
sign, in which case the range in moment equals the 
maximum moment due to both. 


Part IIB. Continuous Beams Precast in 
Sections 


(1) Erection UsinGc TEMPORARY CABLES 
*If temporary cables were used for the preliminary 


prestressing and removed when the permanent cables | 


were installed, the equations of Part IIA would apply 
to the design of the beam and of the permanent cables. 
Temporary cables could be used to permit rolling:in or 
other means of erection of the complete precast beam 
or for precasting the beam in several sections and its 
erection as one continuous span, or as three separate 
spans. 


(2) ERECTION AS PREFABRICATED SIMPLY SUPPORTED 
BEAMS 


If the preliminary cables were to remain permanently 
and erection as three simple spans was contemplated the 
design had to be modified as follows : 


(a) The Continuous Cable 


As there was no initial moment at a joint and as there 
must be no tensile stress at a joint, any continuous cable 
must be placed within the core of the section there ; 
hence the moment at a joint cannot exceed the cable pull 
times the core distance, and both the maximum external 
moment, and the maximum external range of moment 
M, must be less than the allowable internal moment. 


Set) Pees NE: Gane le ey ete 


(b) The Preliminary Prestress Cables 


The preliminary prestressing required for handling 
would create compressive stress in the spans, which 
must be added to that created at the joints by the 
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continuous cables, so that a greater compressive stress” 
would occur close to the joint than across the joint itself. 

The preliminary compression stress should therefore 
be as small as possible and should be uniformly distri- 
buted at asection close to the joint, where the pre- 
liminary prestress force should therefore have zero 
eccentricity. : 

The minimum preliminary prestress required is given — 
by the moment due to the weight of the beam during” 
handling and erection as a simple span ; this is given by. 


A ek 
Poi te oe i 
8(€9 + A) 4 


As the resultant compression force is at the upper 


core point, the residual moment is — P,h, and is sagging. j 
(3) If Stress at Joint Governs the Dimensions ; 
The maximum stress at the joint must not exceed 

q 

(< — =). this stress occurs when the resultant 
; 

compression at the joint is at either core point so that 3 
2P2 

the stress is : 
A 


/ WP, 2P, 
A A + 


Substituting for P, from Eq. (7) 3 


Cae 
A H 
. AHC-=H-P, > 2:Mg., = 


This is an equation for the dimensions (after substi-_ 
tuting for P, from Eq. (8)). 


(4) If Stress at Midspan Governs the Dimensions — 


The total cable pull at midspan will be (Py + P,) so” 
that the allowable range in internal moment is (Py) + Py) ; 
H. 

whe (Po SP) My 2 ee ee 
If the resultant compression in the concrete may be: at 
either core point then the maximum stress is given by 


2 (Po + Py) 


tt ORT ee 
A 


~ 


Substituting for (P) + P,) from Eq. (10) in (11) : 


AHC-> 2°Mg Je ORS ae ee 


There is a minimum limit for P, given by Eq. (7), so_ 
that the stress at midspan may never become zero, as 
envisaged by Eq. (11). | 

At midspan the prestress moment may always be 
arranged to neutralise the dead load and the mean 
superimposed load moments so that the remaining. 

. M, = 
moment borne by the concrete does not exceed — 
2 
The cable pull at midspan is (Py) + P) so that the maxi-_ 
mum stress is given by 


Po + Ps Ms; 


as 
A AH 


ubstituting for P, from Eq. (7) 
4 ; ~ é 


SD Aa ee ep 
> Meas ae <C 
“ A AH SoAH 
Bet AG = PE WBE ME Le ne + tr) 


_ This equation (13) applies when M 3 > M,; but Eq. (9) 
ipplies when M, > M;. Eq. (12) will supersede both 


| M, > M, + H Pg 
jut this only applies to very small spans. 


_ (5) Modifications to Allow for Ducts 


_ The correction figures given in Part I, page 260, for 
vonversion of the dimensions of the gross area to those 
of the net area, thus allowing for the ducts, will be 
smaller for precast continuous beams as the cable 
secentricity is less. 

_ The value of e will not generally exceed h in this case, 
30 the factor for h becomes: (see Part I, page 260, and 
Part 2, page 265). a 


hi = ).00 hyve d8 HH; 
Wi = he = 50 

SH == ".98) ip 

Cy == HOO Gy 


The remaining factors are unaltered. 

Substituting the dimensions of the gross area in the 
above equations 
" 94. A, pP 
Eq. (8) becomes Py = =————__——_____ (14) 
: 8(I.06 é: + .48 H,) 


Eq. (9) becomes .92 A, Hy C — .98 H, Pp) = 2 M;. (15) 


a (x6) 
Eq. DECOINES! Lg te Pome Bd PE 
: (7) 2 08 H, 

For M, > M,; 

Eq. (mz) becomes .92 Ay Hy C = 2M, . .. (17) 


Eq. (13) becomes .92 A, Hy C — .98 H, P) = M+ M, 
: Meg aspen, NAB) 
1Eq. (15) or (x8) must be compared with Eq. (17), 
# 


_ whichever gives the larger dimensions must be used 


p 
‘Eg. (10) becomes Pp = ———— — Py . - + (19) 
7 98 Hy 
‘ 

q. (19), must be compared with Eq. (16), whichever 
| requires the greater cable pull must be used. 


(6) The Cable Profile 
F (a) If Eq. (16) governs the value of P, then the con- 
‘tinuous cable must have an eccentricity at the supports 
“such that the prestress moment there will neutralise the 
‘smaller of the following moments due to superimposed 
loading. 
(x) Half the maximum moment. ¥ 
(2) The mean of the maximum and the minimum 
- - moments. 
~ Dead Load Moment will be eliminated as the joint 
ill be closed while the dead load is supported by the 
eams as simple spans, 
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(b) If Eq. (19) governs the value of P, then the 
continuous cable must have an eccentricity at midspan 
such that the prestress moment there will neutralise 
the sum of— 


(1) The mean of the maximum and minimum 
moments due to superimposed load. 


(2) The residual moment—P,h from beam weight 
as a simple span not already neutralised by 
the preliminary prestressing. 

(c) The above fixes the prestress moment at supports 
when (a) governs or at midspan when (b) governs ; at 
all other sections the cable eccentricity may be varied 
between such limits that the amount of moment not 
neutralised by prestress does not exceed that at the 
critical section, as given by (a) or (b). 

The procedure is best carried out on a diagram 
showing the maximum and minimum moments at every 
section due to the sum of— 


(1) The moments due to superimposed load on the 
continuous beam, 


(2) The residual moments due to dead weight on 
the simple spans after preliminary (handling) 
prestress, see page 208; these are — Pf at mid- 
span, zero at supports, and a value in the side- 
spans that may be varied by varying the 
preliminary cable pull there, up to a maximum 
value Pp. 


If the sidespans are less than 5/6 of the centre span in 
length, their residual moment due to dead weight may 
be made + ve (if advantageous), see Fig. 8. 

(d) The prestress moment is adjusted as allowed by 
(c) above so that no secondary moments are created by 
prestressing, as described on page 264; the added freedom 
of adjustment described in (Cz) above makes several 
profiles available. 


EXAMPLE 5. Fic. 8. 


Continuous Bridge Deck 40’ ; 60’; 40’ erected as 
simple spans of rectangular section 12 in. wide in contact 
laterally. 

Superimposed Load ; 20 lb./sq. ft. surfacing, plus 
220 lb./sq. ft. uniform live load and 2700 Ib./ft. width 
point load. 

d ad 
C= "2000 th. {sq- in. 3A, 120d; Ay = kh, = = 
3 6 


From Appendix (2) : 
M,; = 44 ft. tons M, = 40 ft. tons. 
Eq. (14) gives Py = 56 tons (Py is independent of the 
depth). 

Eg.2 (27) gives’ da) =)16" 

Eq. (18) gives d = 20.5” 

Take d-= 20 oth a eo hee 3S 

This is an increase of 3’’ (which is 16 per cent.) more 

than the similar cast in situ span of Example (4), but a 

decrease of 4” (which is 16 per cent.) less than the simple 

span. 

Eq. (16) gives P, = 70 tons. 

Eq. (19) gives P, = 22 tons. 

pel gh > 70 wtOline 

Maximum Superimposed Load Moment at midspan = 
+ 6 ft. tons 

Minimum Superimposed Load Moment at midspan = 
— 38 ft. tons. 

Mean Superimposed Load Moment at midspan = 
— 16 ft. tons 

Residual beam weight moment at midspan 

.96 Poh, = — 15 ft. tons. 


. Prestress moment at midspan = 31 ft. tons. 
. Continuous cable eccentricity at midspan = —5.4”’ 


The moment envelope shown in Fig. (8) allows for the 
same value of P, in the sidespans as in the centre span, 
so that the residual moment is +16 ft. tons. A suitable 
prestress moment curve for the continuous cable is also 
shown, which will create no secondary moments, and 
at the same time no greater moment remains after pre- 


stress than the 22 ft. tons which occurs at midspan. 


- The continuous cable requires +3” eccentricity at the 
inner supports, which should be sufficient to separate it 
from the preliminary (handling) prestress cables which 
are at the centre line there ; it is also given +22” 


‘eccentricity at the ends where the preliminary (handling) 


prestress cables may be given — 3” eccentricity so that 
the end anchorages will be sufficiently far apart : both 
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these dimensions could be increased to 34” if desired, 
without causing tensile stress or excessive compression 
stress, and alternative cable curves could be achieved by 
reducing P, in the sidespans, as long as the equality of 


by x ts 

+  f e— dx and — f e dx in the centre span was 
0 ly 0 

maintained : the cable profile as shown had the minimum 


curvature of all possible variations and was preferable 
in this respect. 


EXAMPLE (6) Fic. (9) 

Continuous Beam of Spans 30’ : 36’ : 30’ erected as 
simple spans and subject to uniform superimposed dead 
load of 1050 lb./ft. and uniform live load of 2100 Ib./ft. 

C = 2500 lb./sq. in. 
An I section similar to Fig. (g), is specified, and a width 

of 14”. 

Page ANG ne ee he ert A Na 


From Appendix 2 : 
IM e=04.5..x 20" inch 1b. 7 fy, ==9.3" Sepro® amen Tbs 
Equation (14) gives Py = 35,000 lb. 


Equation (15) gives d = 30.6’ say 31” A, = 354 sq.in. 


CE a ne eee 


% , 
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a 333:Sq. in. 9) Hy = ey, = 12.4" . 
Equation (16) gives Pz = 370,000 lb. » “a 


The maximum eccentricity occurs at the supports 


M, 


where it is = 6”, 1.., at the upper core point. 


Palo 8 


The moment envelope is given in Fig. (g) allowing 
zero residual moment due to beam weight in the side- 
spans ; the same preliminary (handling) cable tension 
there as in the central span makes this possible due te 
the shorter length of the sidespans. I 

If the continuous cable is given 15 per cent. additional 


support will be increased in the same proportion and 
will become 2870 Ib./sq. in. 


In the above example the effect of the ducts is small; 
the displacement of the neutral axis of the gross section 
is only 1/3 inch due to the presence of the ducts ; if thi 
ducts had been ignored the depth would have been 
reduced 1 in. and the cable pull increased 10,000 Ib. = 
these differences are small, due to the small cable 
eccentricity necessary with precast continuous spans, 
but the inclusion of the correction factors is necessary 
to guard against underestimating the stresses. ¥ 

An example with similar spans, stresses and loading 
was given in the JOURNAL OF CONCRETE RESEARCH, No. 5, 
but this example had haunched beams with curved 
soffit, with mean area 350 sq. in., 29 in. deep at midspan 
and 43 in. deep at haunches, so that the uniform beam 
of 30 in. depth was 5 per cent. more economical in 
concrete, the cables were smaller, and there were no 


secondary stresses. 4 
Haunched beams were economical when dead load 
predominated, e.g., for long spans principally. * 


., It is clear (see Appendix 2) that for small beams 


subject to live loading haunches are not necessary, as 
the range of moment governs the dimensions, and this 
is not appreciably larger at the supports than at midspan. 

It is also clear that the use of a preconceived cable 


above method and examples will be of service for th 
‘ > . * ry 
% 


antinuous beams, compared to simple spans, and will 
sist in the design of such beams. 


PART 2 ORs persis | 
Terminology 


= External applied moment at any section. 

[, = Maximum range of moment at centre of span, 

y due to superimposed load. 

f, = Maximum external applied moment at any 
section. 

{,= Maximum be tariah applied moment at a support, 

or the range of moment at a support if this is 

- larger, due to superimposed load. 

f= = Maximum range of external moment at any 

cross section. ; 


Se 


SQ 


eee 


& ON 


3. 


Cave | Feeentrnicrr) 
MAGN 
WH BE eS eS Re ed ee ee 


L = Combined length of three continuous spans. 
= Length of central span of three continuous spans 
symmetrically arranged. 
= Length of first span of a set of continuous spans. 
= Length of second span of a set of continuous spans 
_ = Distance from end support along first span. 
&; = Distance along second span from third support. 
P= Total pull in cables of prestressed beam. 
, = Cable tension required for the self weight of the 
-beam of longest span, simply supported, 
= Final continuous cable tension. 
= Maximum allowable compression stress. 


I ‘ 
= Density of concrete { —— lb./cubic ch) 


FILS 

» = Uniform superimposed dead load. 

= Uniform superimposed live load. 

= Single point load. 

= Overall width of section. 

= Overall depth of section. 

1 the following symbols the suffix indicates that the 
ension refers to the gross area of section neglecting 
presence of cable ducts. 

“ ae = Area of cross section. 

> & = Eccentricity from neutral axis to centre of 
a resultant pull in cables (+ve above N.A., 
— ve below N.A.). 
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Cl ler = Maximum eccentricity possible for cables 
(always +-ve), 

H ; H, = Distance between “‘ core points ”” of section. 

h;h, = Distance from neutral axis to core point 
opposite to cable duct. 

h' ; h'; = D° D?° in same side as cable duct. 


(See also Part I, p. 261). 


Appendix I * 
EXAMPLE (4), using cables with Magnel’s profile. 
Magnel’s cable profile will produce secondary 


“ support ’’ Moment in a Spee: beam given by 
€o(.21, + .234 1.) + .28 e, 1, + .266 eg I, 
Wie — —— P 
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where ¢ : €; : és +ve upwards represent the cable 
eccentricity at centre of first span, at support, and at 
centre of centre span respectively. Hence for three 
equal spans 


6 
M = — P (.28 e, + .434 €2 + .266 es) 
2 
= P (.336 €, + .521 €, -+ .319-é5) 
2 @ 
Hence for span ratios —- J:1: —TI 
= } 
£2 
M = — P(.280 e, + .55I ey 


130. S69Cal an 
In the example No. (4), Fig. (7) 
wes eid 2 = 43, P.eg = — 33 
+ 6.0 tons ft. 
This nde a Se per cent. decrease in prestress moment 
at support and 18 per cent. increase at midspan, which 
is undesirable. 


Appendix II 


Moment Coefficients for Three Continuous 
Uniform Symmetrical Spans 


Wy = Uniform dead load, w = Uniform live load, 
W = Point liveload. / = Length of central span 


Ve 


(a) EquaL Spans 


Moments at centre of Sidespan 


Dead Load moment 
Maximum live load 


moment 
Minimum live load 
moment 
.. Range . 


Moments at Support 
Dead load moment 
Maximum live load 
moment 
Minimum live load 
moment 
. Range 


—.075 Wy P? 

+.025 wl? + 04 Wl 
—.100 wl? — .20 Wl 
(.125 w 2 + .24 W I) 
+.10 WW, 2? 
+.117wP+ 10Wil 


—.017 w I? —.03 Wl 
(.134 w 7 + .13 W 2) 


Moments at Central Midspan 


Dead load moment 
Maximum live load 


moment 
Minimum live load 
moment 
. Range 
5 
(b) Span Ratios — / 
6 


At Centre of Sidespan 
Dead Load 
Maximum live load 
Minimum live load 

. Range 


At Support 
Dead load moment 
Maximum live load 
moment 
Minimum live load 
moment 
*, Range 


A 


™~ 


Centre of Midspan 
Dead load moment 
Maximum live load 
moment 
Minimum live load 
moment 
. Range 


ye ae 


—.025 Wy 2? 
+.050 w 7? + .04 Wl 


—.075 w 2 —18 Wil 
(.125 wl? + .22 Wl) 


5 


ay 
6 


+.027 wl* + 04 Wi 
—.o71 wl? —17 Wl 
(.098 w 7? + 21 W 1) 

+.084 Wy 7 

+.096 w [2 + .0o9g Wl 


—.o12 w I —.o2 Wl 
(.108 w 14 + .11 W I) 


—.04I Wy 2? 
+.031wl + 03 Wl 


—.072 wl? —17 Wl 
(.103 w 1? + .20 Wl) 


"These ranges are lower than those for equal spans. 


2 


(c) Span Ratios -— 1:7: 


3 


At Centre of Sidespan 


Dead load moment 
Live load moment 
(maximum) 
Live load moment 
(minimum) 
.. Range 


At Support 
Dead load moment 
Live load moment 
(maximum) 
Live load moment 
(minimum) 
*. Range 


2 

-—1 

3 

—.019 Wy I? 

+.028 w 2 + .047 Wl 


—.047 w 1] ? —.139 Wl 
(.075 w 7? + .186 W 1) 


+.074 Wy P 


+.081 w 7? + .094 Wl 


—.007 w /* —.o017 Wl 
(.088 w 7? + .111 Wl) 


At Centre of Midspan 


Dead load moment 

Live load moment 
(maximum) 

Live load moment 
(minimum) 

Range 


These ranges are lower than those for the span rati 


5 5 2 
ese (ahs 
6 6 3 


economical design if the centre span has a fixed value. 


ig 
(dq) Span Ratios - 1:1: 
2 


At Centre of Sidespan 
Dead Load Moment 
Live Load Moment Max. 
+ve 
Live Load Moment Max. 
—ve 


.. Range 


At Support { 
Dead Load Moment 
Live Load Moment Max. 
+ve 
-Live Load Moment Max. 
—ve 
*. Range 


At Centre of Midspan 


Dead Load Moment 
Live Load Moment Max. 


+ve 
Live Load Moment Max. 
—ve 
*. Range 
I 
(e) Span Ratios —- J: 1: 
3 


At Centre of Sidespan 
Dead Load Moment 
Live Load Moment Max. 

+ve 3 
Live Load Moment Max. 
—ve 


.. Range 


At Support 
Dead Load Moment 
Live Load Moment Max. 
+ve 
Live Load Moment Max. 
—ve 
*, Range 


At Centre of Midspan 
Dead Load Moment 
Live Load Moment Max. 
+ve 
Live Load Moment Max. 
—ve 


*, Range 


The Serubarad E 


:—landtheratios— / : 1 


—(.078 w 2 + .115 Wh) 7 


ween ee 


—0.050 Wy 7? 


+.017 w 7? + .020 Ww 
—.067 w 2 —.163 Wi 
(0.084 w / + .183 Wl) 


2 
: — 1 produce a mor 


3 


I 
-1 

2 

+.004 Wy ? 
+.031 w 2 + 052 WH 
—.027 w [? —.099 W | 
(.058 w + .151 W Dd) 
+.070 Wy 2? 
+.074 w 2? + .103 WH 


—.004 w /*—.012 WI 


+.008 w 7? + .o12 W 


—.063 ee 
(.o7r w 2 + .168 Wi) 

4 
I ‘ 
a 
3 a 

d 
+.02I wl? F 


+.034 w 2 + .o2t WI 


—.013 w 2 —.065 Wl 
(.047 + .086 W 1) 3 


+.07I wy 7 . 
+.072 w I + .114 Wi 


—.oo1 w 22 —,007 WI © 
(.073 w 72 + .121 Wd) © 
—.054 w /* 

+.003 wf s .006 Ww 


—.057 w 2 —.148 wt 
(.060 w 7 + .154 Wl) 


ee 


_ In presenting the paper, Dr. S. MacKEy expressed the 
author’s regret that an arithmetical error involving the 
panel dimensions had occurred in Table 8 and was not 
discovered in time to alter the proofs. The authors had 
corrected this in the revised Table given below. 


Table 8 
Combination 
Ge. of stresses |Theoretical S Beane 
+: giving critical | _ critical : 
gerder | Panel ne te conditions. load ee! 
al hons i Lons/ Tons t = amie: 
in. a ons/in. 
'G 3 |W P 3 |234 30 FOO ME Fo 122 6.58 
“G 3 |W P 8/ 17% 30 10.70 10.74 171 10.28 
Ratio of Ratio of 
BS.S.1|Blastic | Elastic. |<, rte 
; ‘ 449 Behav- | Behaviour ace Heat 
Girder | Panel | Design | iour Limit of L 2 se ah a 
j Load Limit /'Theoretical ro mits ip 
Tons Tons Critical ae Cc ee A: 
Baad ritical 
Load 
ic 3 |W P3] 104 160 Tag 199 1.63 
Ec 3 |W P 8 163 160 0.94 aoe ae 


_ They would like to point out that in compiling this 
‘table the actual measured web thickness of 0.22 in. was 
used rather than the nominal thickness of 3/16 in., which 
‘accounted for the apparently high values of the B.S.S. 44 


‘Design loads. 


deflections, said he was always very surprised when any 
‘calculations which he did came out as near to the actual 
‘truth as the figures given in Table 2. He would like to 


‘know whether there was any mystery about the calcula- 


‘tions or whether they were based on the type of simple 
‘formule which he had used in the old days when he had 
‘worked on a drawing board and had tried to estimate 
‘deflections. With triangulated girders it was possible 
‘to get somewhere near the truth if one knew the correct 
fudge factor to put in for the joints and for the effective 
lengths of the members, but when he saw results of 
‘calculated deflections coming out within one or two 
er cent. of the measured ones he wanted to be let into 
the secret of how to do it. 

With regard to the lateral buckling due to the girder 
being supported on its side while being tested in a 
horizontal machine, he wished to know how the girder 
‘was supported in the machine, because presumably it 
could have been put on rollers in such a way that there 
would be no lateral bending. 


_ *Read before the Institution of Structural Engineers at 11, Upper 
Belgrave Street, London, S.W.1, on April 24th, 1952. Mr. Walter 
. Andrews, O.B.E., M.I.C.E., M.I.Struct.E. (President), in the 
Chair. Published in THE STRUCTURAL ENGINEER, Vol. XXX, 


No. 4, pp. 73-81 (April, 1952). 


‘3 he ced La 
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' 
_ Dr. E. H. Bateman (Member), referring to calculated _ 
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n Investigation of the Behaviour of a 
| Riveted Plate Girder under Load” 


Discussion on Paper by S. Mackey, M.E., Ph.D., A.MILC.E., A.M LStruct.E., 
and D. M. Brotton, B.Sc., Ph.D. (Graduate) 


In discussing the big diagonal buckle on the critical 
web member the author had made an interesting remark 
to the effect that the line of the buckle tended to pull 
round. That would have been a new idea to him had 
it not been for the fact that he had read Professor 
Pugsley’s paper delivered to the Colston Society in 
Bristol in 1949, in which the Professor had presented 
an analytical explanation of the phenomenon. He 
asked whether the authors had tried to interpret their 
experience in the light of Professor Pugsley’s theoretical 
solution. 

One very small point he had noticed was that the 
authors had got extremely good value for their web 
thickness when they ordered 3/16ths and received .2z2. 
At a rough calculation it seemed the steelmaker was 
giving away 15 per cent., unless he weighed it all before 
sending it out. Perhaps the authors could say whether 
that was representative. 

In regard to the crippling run it always seemed a 
great pity that one ever had to break anything because 
then it could not be used again, and on reading the 
paper he had wondered whether it might not have been 
possible for the authors to have put their heavy stiffeners 
in first and then to have loaded it until the strain gauges 
indicated that they were just running off the straight 
line shown in Fig. 14, taken that as the elastic mit for 
the heaviest of the stiffeners and then to have changed 
the stiffeners and got the corresponding figure for each 
series before the final break. 


Mr. G. M. Boyp (Associate-Member) said he believed 
the experiment, very wisely, had been designed to 
investigate the behaviour of the webs, which was an 
extremely important unknown in structural engineering, 
and one point which had emerged was what was called, 
in the conventional literature, the critical buckling load 
of webs of that kind, did not seem to have any real 
meaning at all, and that the load which could be carried 
depended on the strength of the surrounding frame—in 
that case the two vertical stiffeners and the two hori- 
zontal flanges of the girder. The web itself could not 
actually cripple until those had given way, and research 
ought to move in the direction of studying the panels 
as a whole, including the surrounding or stiffening 
members. 

As was done so often in those cases, the authors had 
congratulated themselves on the agreement between 
their experimental results and theory, but that agree- 
ment was really not at all surprising : if the theory was 
properly conceived there should be agreement. More 
emphasis ought to be directed towards studying the 
differences shown by the experiments as compared with 
the simple theories to which designers are accustomed. 
Such differences could be extremely important. The 
authors had given the average axial stress in the plate 
but had not mentioned much about surface stresses, yet 
the latter may be very high, without however, bringing 
about fracture. Designers rather tended to think in 
terms of fracture. For instance, the flanges of a 
girder were designed to withstand a certain stress, and 
it was often presumed that if it were carried to failure 
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it would be by fracture of the flanges, but in practically 
all ordinary structures the failure was never by fracture 
unless the elusive and difficult phenomenon of notch 
brittleness intervened. In his opinion, the time was 
coming when designers should think more in terms of 
the actual modes of failure which were known to occur 
in structures, when they were considering factors of 
safety. 

It was certainly rather a pity that the authors had 
been unable to eliminate lateral bending, as it compli- 
cated the picture very appreciably. Referring to the 
slide showing the distribution of stress across. the 
flanges, in which there was a reduction on one side of 
one flange and a reduction on the opposite side of the 
other flange, in his opinion that was not explained simply 
by lateral bending but must imply torsion, and he would 
like the authors to elucidate the point a little. 

The experiment had obviously been carried out with 
the intention of comparing the results with those 
obtained on the previously tested welded girder, and 
it would be interesting to have the authors’ summing-up 
of the comparative behaviour of the two types of girder. 


Mr. J. A. WiLt1AmMs (Member), referring to the point 
made by the first speaker with regard to the deflection 
of the girders, said he was rather alarmed by the close- 
ness of the results between theoretical and experimental 
deflection, because he gathered the theoretical deflection 
had been worked out on the gross moment of inertia 
without any allowance for rivet holes and on the full 
value of E = 13,450. It was a fairly common drawing- 
office custom to make allowance first of all for the rivet 
holes in the tension flange, and also he had been taught 
to write in, rather euphemistically, “ To allow for rivet 
slip take E = 10,000", and one arrived at what was 
assumed to be the correct deflection. He wondered 
whether the authors could give some indication as to 
how one ought to calculate deflection in order to get 
such nice results. 


Mr, STANLEY VAUGHAN (Vice-President), said he was 
delighted to observe the close general agreement between 
theory and actual experimental results obtained. 

For example, the average flange stress as calculated 
agreed closely with the average of the actual stresses 
measured at intervals across the flanges. There was, 
however, a curious variation in the measured stresses to 
which the authors had drawn attention, namely, that 
in the bottom flange there was considerable dip in stress 
intensity at a point about a quarter of the flange width 
at one edge and a corresponding dip on the other side 
of the upper flange, in a similar position but on the other 
side of the main axis. The authors had attributed 
these variations to secondary stresses caused by lateral 
bending due to the fact that the girder was placed 
horizontally and tested in that position.. Secondary 
stresses due to this cause would however merely result 
in ‘‘ tilting”’ the line of resultant stress—which would 
then vary from a maximum at one edge to a minimum 
at the other edge—and this would not account for the 
curious and appreciable dips in stress at points about a 
quarter of the way across the flange width. 

It might be that this curous behaviour could be 
explained by the secondary effects due to torsion in 
addition to those due to lateral bending—both effects 
being of course superimposed on the main primary 
flange stress—but Mr. Vaughan would like to have the 
authors’ further views on this question. 

Finally, how comforting it was to find that even the 
very lightest stiffeners used in the tests gave the neces- 
sary stiffness to the web to enable it to behave properly 
as a web plate girder, and that in fact it made very 
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little difference in the actual test wheter the inter- 
mediate stiffeners were of the minimum size of 3 in. x 
3 in. xX }in,, or the maximum size of 44 in. xX 3 in. X 
34 in. It would be interesting to know whether the 
authors had any proposals for designing intermediate 
stiffeners, because that was one of the points which had 
long caused a good deal of difference of opinion among 
design engineers. 


Mr. Boyp asked Dr. Mackey how he accounted for 
the fact that the areas under the stress curves 
apparently did not add up. For example, the area in” 
Fig. 4 did not appear to be equal to the area of the 
theoretical curve. He presumed this was another local 
bending effect. 


Mr. BuLtteEN (Member of Council) said he noticed 
that the web plate was described as 36 in. deep and the 
distance between the flange angles was given as 36 in, : 
was it a fact that the web plate actually bore against © 
the flange plates or were there the customary clear-~ 
ances ? 

Another point he wished to raise was with regard to_ 
the fitted stiffeners : was it really necessary with the 
intermediate stiffeners to fit them, or could they not just © 
be laid flat against the web plate and not packed up ?” 


Dr. BaTEMAN asked whether the reason for fitting 
the stiffeners was not to provide support for the flange 
rather than the web. 


Mr. BULLEN said that in the case of the main stiffeners 
it was desirable to ensure that the load was transmitted 
from the support into the main stiffeners, but in the 
intermediate stiffeners that condition was not required, 
and he thought it would have been sufficient, certainly 
in practice if not in the experiment, for the intermediate 
stiffeners merely to be laid against the web and not to” 
be taken right up to the top flanges of the girder. 


Dr. BaTEMAN suggested that the stiffeners were 
brought up to support the flange angles against the~ 
tendency to buckle under compression. Due to the 
curvature of the girder as it deflected under load, the 
tendency to buckle was in the direction in which support — 
was given by the stiffeners. Years ago his chief had 
made. him spend a lot of time ensuring that stiffeners 
were fitted tight, and he believed it was the right method, 


Si unt into 


par 


Mr. G. M. Boyp enquired whether there was any 
evidence of rivet slip during the experiment. 


yes 


Mr. BULLEN asked whether it was essential to test the - 
girders in the horizontal position or whether they could 
have been tested in the vertical position and the apparent — 
complications avoided. From a quick perusal of the 
paper it appeared that not the weight of the girder but 
some torsional effects had given rise to the apparent 
complications. a 


Dr. MAckEy, in reply, said he would leave the bulk 
of the queries to be dealt with by Dr. Brotton, who had 
been responsible for most of the testing. 

He was probably treading on very danperngs ground 
when speaking of the design of stiffeners but his own 
belief was that stiffeners on riveted work should be fitted 
to the compression flange but that it did not matter 
very much about the tension flange. That might bey 
likened to the wisdom of King Solomon, in that he w: 
going halfway to meet both his questioners on th 
subject, but he had mentioned in a previous discussio} 
that such was his opinion and from the results si 
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obtained nothing had arisen to cause him to change 
lis views. hae ay . 

_ With regard to the question of torsion, which had 
been raised by Mr. Boyd with reference to Fig. 4, the 
remarks made by Mr. Vaughan were very opportune. 
If the girder was bending upwards during the test there 
would be an added compression stress on the bottom 
half of the girder as tested which would increase the 
compressive stress on the compression flange on that side 
and correspondingly decrease the tensile stress on the 
lower half of the tension flange. Similarly if the girder 
was bending downwards the maximum reductions would 
occur in the opposite manner. As far as experimental 
‘work was concerned it was impossible to get a girder 
“which was fabricated true to line, and in the present 
‘instance the initial web deflections confirmed this. 
They had more or less come to the conclusion, as in 
many research problems, that a process of elimination 
had to be adopted in order to come down to some hard 
and fast rules, and it was rather dangerous, from the 
‘results obtained on one particular riveted girder, to put 
forward recommendations for design, because the next 
girder they tested might give slightly different results. 
_ The girder was tested in a 1,250-ton Avery testing 
‘machine of the horizontal type since no vertical testing 
‘machine capable of developing the ultimate failure load 
of 199 tons was available at the time. Financial con- 
siderations precluded the use of a complete set of roller 
bearings for supporting the girder in a horizontal position 
and hence greased runners were substituted as the best 
alternative method of support available. Vertical dial 
gauges bearing on the edges of the flange plates showed 
that the girder was not lying on all the runners, from 
“which the authors had concluded that there was a 
certain amount of lateral bending involved. While it 
“was quite possible that torsional effects may have 
contributed towards the stress depressions across the 
‘flanges shown in Fig. 4 there was no guarantee that at 
“some point during the test one or other of the strain 
‘gauges might not have been functioning properly and 
_hence the authors could give no definite conclusions on 
_ this matter. } 

_| The return of the experimental stress values to the 
_ theoretical values at the flange edges nearest the de- 
' pressions was not influenced by any particular desire to 
'make them return there, but was obtained from the 
recorded plots of the nearest strain gauges. 

_ With regard to stiffeners, it was somewhat rash from 
the results of one test to put forward proposals for the 
_ design of intermediate stiffeners. The results however 


'-were adequate for this purpose and further tests of 
| limited scope particularly applied to single plate girder 
_ panels would yield some valuable information on this 
_ topic. 

’ The present paper did not cover all the work carried 
| out in the investigation on plate girders, but the results 
' obtained did not differ greatly from those obtained with 
' the other girders of the series which were all of welded. 
_ construction. Neither was it intended to convey the 


‘information which could be derived from a single girder 
test. Time and expense had been limiting factors when 


- the’ work was carried out and hence only selected 


‘measurements of strain and deflection were taken to 
‘reduce the time spent in testing to a minimum. It was 
felt that subsidiary tests on small specimens would cover 
_ most of the outstanding points: and the authors were 
extremely grateful to Messrs. Dorman Long & Co., Ltd., 
or allowing so much time to be devoted to the testing 
the large girders. 

wt ¥ 


‘eis 


_ showed that even comparatively light section angles 


impression that the results obtained constituted all the . 
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Dr. D. M. Brorton, referring to the latéral buckling 
due to the method of testing, said the girder was sup- 
ported and loaded at three points, the four runners being 
in position underneath. If the flange plate was not 
exactly at right angles to the web plate that would tend 
to tilt the girder up a little and on applying the load 
there would be a tendency for the girder to lift. That 
led to a certain amount ‘of lateral deflection and also a 
little torsion,-as had been mentioned, and it probably 
accounted for the variations in the bending stress. 


With regard to the deflection of the girder and a 
comparison of Fig. 3 with Table 2, the figures shown 
in the experimental deflection line in Table 2 were the 
actual experimental figures and they correspond to the 
extremity of the sum of the bending deflection and shear 
deflection. 


As far as rivet slip was concerned, when the girder 
reached the crippling point they had kept well clear 
of it, not knowing quite what would happen, but no 
rivet heads flew off, and there was no sign of rivet slip 
evident. 


Panel W.P.3 was the one which they had expected to 
fail, and they had focused their attention more on that 
than on any other. The load was limited by the 
deflection of that panel and not by the central deflection 
of the girder. During each loading run a deflection 
dial was placed against the centre of that panel, and it 
was watched during the application of load to see if it 
was increasing very rapidly, which would have indicated 
a failure coming along. At final failure the stresses on 
the underside of the girder reached a value something 
over 30 tons per square inch, so that even at 150 tons 
there had been a certain amount of surface yielding of 
the web panel. The web plate, however, yielded only 
on the surface and not right the way through and that 
area of local yielding had not affected the tests at all. 
This was repeated with the different stiffeners fitted, and 
when it came to the crippling run with the lightest 
stiffeners fitted, that area of yield extended, spread 
through the thickness of the plates, and then the panel 
itself collapsed. That was the ultimate cause of failure 
and the girder had been designed to do that. 


The flange plate was not bearing on the top of the 
web plate, but was left just a little short. In regard to 
buckling of the compression flange as a whole if the edge 
of the flange plate was not supported it could buckle 
over the complete girder length. By putting inter- 
mediate stiffeners in and fitting them to the flanges it 
reduced the effective length of the flange plate which 
could then only buckle in between ; this considerably 
increased the strength of the compression flange. For 
the tension flange it did not matter so much because in 
this case it was not a question of instability. 


Dr. S. Mackey said that in considering the close 
agreement between theoretical and experimental de- 
flection it should be borne in mind that the test girder 
was loaded under almost ideal conditions. In practical 
girder work knife-edge loads and three point suspension 
occurred very rarely and consequently it was to be 
expected that the deflection readings obtained from 
practical girders would differ from those calculated on 
the theoretical assumptions. As Dr. Bateman had 
mentioned experiences in calculating deflections of 
triangulated girders he would refer him to some investi- 
gations which they had carried out on such girders, the 
results of which were being published in Vol. II of the 
Proceedings of the International Association for Bridge 
and Structural Engineering. 


In reply to Mr. Boyd’s query concerning the apparent 
lack of agreement between the areas under the experi- 
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mental and theoretical stress curves of Fig. 4 it should be 


pointed out that the effect of lateral bending would be to 
slope the theoretical stress curve which would make the 
agreement more obvious. 


The CHAIRMAN pointed out that one question which 
had not been answered was that relating to the fudge 
factor ; it was a new expression, but he knew what the 
speaker meant, and it would have been interesting to 
have something from the authors on that subject. 


With regard to the thicker plates, he did, not know 
whether it was a new policy which had anything to do 
with the spending of public money or the giving of value 
for money, but it certainly might lead to arguments in 
practice. On the question of stiffeners, if the results 
of the one experiment were anything to go by, they 
seemed to indicate a considerable field for economy in 
the use of steel, which was very much in their minds 
these days. 


Dr. Mackey replied that he had avoided the question 
on fudge factor because he did not know what it meant, 
and bes was still no wiser ! 


With regard to the thick iene he would not like to 
convey the impression that designers could base their 
calculations in future on such an increased thickness. 
They had accepted it as 3/16 in. plating and when the 
results did not come out as expected they had measured 
it and found the differences mentioned. In deflection 
calculations made by the customary method one adopted 
a nominal thickness of material and if there were such 
big differences one could not hope to get accurate results, 
It was not so serious when the web was affected, but if 
there was, say, a I5 per cent. reduction in the flange 
thickness it would seriously affect the agreement between 
theory and practice. Apart from this it did not follow 
that the discrepancy would be uniform throughout the 
material. In rolling mild steel plate, springing of the 
rolls might tend to give increased plate thickness at the 
centre of the plate as rolled, compared with that obtained 
at the edges. In view of the uncertainty of this, 
however, no reliance could be placed on it for design 
purposes. 


Finally, in expressing gratitude on behalf of Dr. 
Brotton and himself for the very cordial way in which 
they had been received, he observed that most of the 
questions had appeared to cast doubt upon the accuracy 
of the relative results of theoretical and experimental 
readings. With uniform material and the adoption of 
the measured value of E obtained from test pieces cut 
from the actual test member, it was possible to obtain 
experimental deflection readings agreeing very closely 
with the theoretical values. 


The proceedings then terminated. 


Written Communications 


From Mr. K. C. Rockey : The authors have stated 
that they*’were unable to use Southwell’s method for 
determining the experimental buckling loads from the 
load-lateral deflection graphs since these were not 
hyperbolic in form. This problem of determining the 
buckling load from experimental results is a difficult 
one, and in the writer’s experience one is rarely able to 
use Southwell’s method with ‘any success on shear 
panels. One method which the writer has found to give 
reasonable results is that of plotting graphs of applied 
load against the axial load in vertical stiffeners. Prior 
to buckling the load in the vertical stiffeners should be 
zero or very small, since the shear force is carried by a 
normal shear action. Howes after the plate has 


cc Tha Structural i) Engineer 


buckled thé ibaa in the ettical stiteneett increases since 
part of the applied shear load is now carried by a truss 
action. Thus at a load corresponding to the buckling 
load of the panel there should be a “knee” on the 
graph, marking where the slope of the graph decreases. 
Since this “knee” is usually well pronounced no 
difficulty is obtained in measuring this buckling load. 

The wave formations plotted in Fig. 5 are very: 
interesting since they show, in a very simple manner, 
how the presence of applied bending stresses acting with 
a given shear stress will lower the buckling shear stress 
of a panel below that value obtained for the case of 
pure shear. Thus, although the two similar panels 
WPi and WP3 are subjected to the same shear stress, 
the depth of the main buckle in panel WP3 is four times 
the depth of the buckles in panel WP1, thus indicating 
that the buckling load of panel WP3, which is subjected 
to a high bending stress as well as the shear stress, is 
lower than the buckling load of panel WPr. 

The lateral deflection curves for panel WP5, shown i 
Figs. g and 10, are typical profile curves for panels” 
buckled under the action of pure bending stresses and 
from the definite wave formation shown it would look 
as if buckling of the panel was taking place, although the” 
load wa’ below the theoretical buckling load. 


With reference to the use of five sets of vertical ‘ 
stiffeners in an attempt to determine the effects of 
stiffener rigidity upon the behaviour of the girder, it is” 
noted that even the lightest stiffener possessed a flexural” 
rigidity many times that required by theory, and should” 
therefore provide a very effective support to the web- 
plate. That this was so has been stated in the paper 
and explains why no relationship existed between the’ 
depth of the buckles in the panels and the rigidity of the 
stiffeners. ; 

The flanges of this riveted girder are very flexible and 
there are a number of statements in the paper which 
would appear to indicate that this flange flexibility has” 
influenced the behaviour of the webplates. For example, - 
in the section dealing with the crippling run on the 
girder, reference is made to the fact that at a load of 
160 tons a change in the shape of the buckles in the 4 
panel took place, whilst later in the paper reference is” 
made to the fact that as the maximum load was ap-_ 
proached the major buckle in each panel oriented itself 
so that it finally lay exactly along the tension diagonal” 
of the panel. Both of these statements seem to indicate 
that the flange was deflecting under the lateral load 
imposed by the web, thus allowing the buckle to shift” | 
in the panel. 

The writer, in collaboration with Mr. H. J. M. W. atkins, 
B.Sc., is investigating the effects of flange flexibility 
upon the behaviour of the webplates of plate girders, and 
so far the results obtained have indicated that it is. _ 
desirable that girders should possess flanges having a 
minimum flange flexibility factor (J/b*). of 0.005 ; 
where J is the moment of inertia of the flange about its _ 
centroid, 6 the stiffener spacing and ¢ the thickness of 
the webplate. If a lower I/b°¢ value is accepted, then 
deep buckles will be formed and high membrane stresses _ 
will be set up. The J/5% value of 0.002 for the riveted” 
girder is considered to be rather low. 


In the final section of the paper the authors have 
compared the deflections obtained with the welded and 
riveted girders. However, since the J/b®¢ value for the 
welded girder was 0,007 as compared with the value of 
0.002 for the riveted girder, care must be exercised in 

making any compirison on the magnitudes of webplate 
deflections at loads above the buckling load. & 

Finally, the writer would like to conga i 
authors on their very fine paper. 


al, 4 EP 8nd ee ae ros - *- 
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the discussion a question was put to the authors which 
arises almost invariably whenever plate girders are 
iander consideration, namely, whether the web stiffeners 
should be fitted, or even connected, to the flanges. 

While admiring the ‘‘ Solomonity’”’ of the authors’ 
reply that stiffeners should be fitted to the compression 
flanges but not to the tension flanges, I cannot agree 
with their reasons for this judgement. 

- If the stiffeners are intended to prevent the com- 
eee flange from buckling then their space ought to 

e related to the force, shape, and the dimensions of 
this flange, but I am not aware of any such regulation. 
Neither am I aware of any reported failures of plate 
girders where the failure has been attributed to the lack 
of fit between stiffeners and flange. 

What does this supposed danger of buckling of the 
compression flange really mean? Does it refer to 
lateral instability of the flange as a whole? This is 
safeguarded against, e.g., in the case of a through 
bridge, by the stiffeners being suitably braced against 
the cross-girders and a sufficient width of flange between 
the panel points. » 

Or is a sort of torsional failure envisaged, with the 
edges of the compression flange tending alternately to 
move up or down? This would imply bending of the 


RATIO OF MOMENT OF INERTIA OF 
STIFFENERS TO THAT OF WEB, 
AS A FUNCTION OF @Ih 


(a=SPACING OF STIFFENERS, 
. h= DEPTH OF WEB) 


| ee Fig. 1 


“most dangerous point would be in the web just outside 
‘the flange angles. This point is safeguarded by the 
‘ordinary stiffeners being connected to the vertical legs 
“of the flange angles and the suggested fitting of the 
‘flanges would have no further influence on this. 


|to be feared? In this case the stiffeners should not 
“only be fitted but also connected to these edges as they 
Gould be just as likely to buckle upwards as down- 
| wards, and once more their spacing ought to be a function 
of the width and thickness of the plate. 


a 


and none of these seems to call for the suggested fit. __ 
- The cost of fitting the stiffeners to the flanges is 
“probs small, and from an economic point this matter 

therefore of no great importance. One that is was 
pointed out by the President when he drew attention 
to the fact that the size of the stiffeners did not seem 
to have any appreciable effect on the capacity of the 


a 5 Uys Pi bP dae | 
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| From Dr. H. GotrFELpt (Member) : In the course of 


web out of its plane, and if this danger exists at all the ” 


' Or is a local buckling of the edges of the flange plates’ 


' Ican think of no other possible modes of buckling, — 
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The question of the required size—or stiffness—of the 
stiffeners has been tackled by Timoshenko!, and the 
writer tried some years ago to popularise his results by 
means of a graph? from which the required moment of 
inertia of the stiffeners can be obtained as a function 
of the spacing of the stiffeners and of the moment of 


inertia of the web (for the weak axis). 


This graph is shown in: Fig. 1 and it will be seen that 
the size of the stiffeners decreases with their distance. 
In other words, the thicker the web the wider apart and 
the smaller the stiffeners, a result that agrees much 
better with common sense than the rule of thumb in 
B.S.S. 449, clause 47 (a). 

For the plate girder under test the moment of inertia 
of the web is 36 x 0.18753/12 = 81/256 in.‘, the ratio 
of the spacing of the stiffeners to depth of web is about 
2/3, and the numerical value obtained from the graph 
is about 12. The required moment of inertia of the 
stiffeners is therefore 12 x 81/256 = 3.8 in.4. 

The smallest stiffeners used by the authors have a 
moment of inertia of 4.85 in.* and are therefore still well 
above the value obtained from the graph, although, 
according to the B.S.S. rule the outstanding leg should 
be at least 36/30 + 2 =, say, 31 in. instead of the 
3 in. leg used by the authors. 

I therefore concur with Mr. Andrews’ remark that the 
stiffeners tend to be over-dimensioned and that there 
is here a potential source of saving money and steel, if 
only the B.S.S. rule were replaced by some more rational 
law. 


From Dr, A. R. Gent : I have recently been investi- 
gating the torsional properties of riveted members and 
should like to make a few remarks concerning the 
torsional results given in the paper. My conclusions 
have been based on the résults of tests on full-scale 
members fabricated from flat plates face to face, which 
represent the fundamental components of an I-section, 
and variation of rivet pitch and breadth have been 
considered. Although I have not had the opportunity 
of testing a complete member of this form, I can add a 
few remarks about their general behaviour and shall 
endeavour to show this single result in its true perspect- 
ive. 

Firstly, concerning the actual stiffness values, the 
increase of stiffness with the use of heavier stiffeners is 
to be expected since they were bolted directly to the 
web, thus increasing the effective web thickness over 
short lengths of the member. The outstanding leg 
should not, however, affect the stiffness and the result 
for stiffeners (3) and (4) should be equal, as is approxi- 
mately the case. Within this degree of accuracy, 
i.e., approximately 2 per cent., the result for stiffeners 
No. (5) can be considered the same and it is likely that 
this value of about 9.5 in.* represents the true stiffness 
of the girder which would have been obtained without 
the intermediate stiffeners : this is probably because the 
bolts will only provide effective frictional restraint 
between the web and the stiffeners over a small area 
when thin plate is used. The increase in the stiffness 
above this value due to the 3 and 4 in. stiffeners is 
higher than that given by approximate calculations but 
this effect is not of appreciable importance. 

The low value of 9.14 in.* given in the paper for stiff- 
ness calculated by relaxation methods assuming the 
section acted as solid was surprising compared with the 
basic experimental value of 9.5 in.* and led to an investi- 
gation of this result. An approximate check using the 
graphs given by Dr. Dobie in his recent paper to the 


1Timoshenko. . “ Theory of Elastic Stability,’’ 1936. 417 pp. 
2“ Welding.”’” February, 1945. 
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Institution (“The Torsional Strength of Structural 
Members,’ THE STRUCTURAL ENGINEER, Vol. XXX, 
No. 2, 1952), with a slight modification to ay the special 
shape considered, gave a value of 11.5 in.* and a further 
check using a relaxation net covering the whole section 
for which the errors were reduced to below 1 per cent. 
gave a value of 10.7 in.*.. This latter result is unlikely 
to be in appreciable error and is as expected greater 
than the experimental value which will have been 
adversely affected by slip between the components. 
General conclusions regarding the stiffness of riveted 
members should not be drawn from this single result 
obtained over a very small range of loading, i.e., 0 to 
3.65 tons in. (I am indebted to the authors for this extra 
information) which only represents a deflection of the 
order of 0.7 x 1o-* rad/in. as tests on sections over a 
greater range of twists show an appreciable decrease of 
stiffness with loading which can be related to the 
equivalent shearing loads on the rivets. As the frictional 
resistance between the components is gradually overcome 
the stiffness decreases from a value approaching that of 
the equivalent solid section and the rate of decrease is 
dependent on the rivet spacing. ‘or this section with 
close rivet spacing, this decrease should not be appre- 
ciable within the working range and the value of 9.5 in.* 
would probably be satisfactory, however with lghter 
riveting 2 more conservative stiffness would have to 
be adopted in calculations. 


Authors’ Reply to Written Communications 


The authors were very grateful to Mr. Rockey for his 
valuable comments. Although on a few occasions they 
had been able to use Southwell’s method satisfactorily 
for estimating web buckling loads these were excep- 
tional cases and it was gratifying to them to learn that 
other research workers had experienced similar difficulty. 
The method suggested by Mr. Rockey for estimating 
the web buckling load from the graph of applied load 
versus stiffener load gives fairly reasonable results but 
is not as accurate as that obtained from a graph of web 
deflection against applied load as shown in Fig. 16. 
This is particularly evident where the total stiffener 
load up to the point where truss action takes place is 
very small. In such cases the presence of bending 
stresses in the stiffeners may completely mask the 
direct stresses and lead to erroneous estimation of the 
stiffener load. The issue is further complicated by the 
gradual alteration to the web panel contours from the 
initial to the buckled state. Any change of this nature 
must affect that portion of the web taken as acting 
with the stiffener angles, rendering it more or less 
effective, depending on the type of change developed. 


Book. 


The Design of Prismatic Structures, by A. J. 
Ashdown, A.M.I.Struct.E. (Concrete Publications, Ltd., 
IQg5I. g#in. x 6$in., 65 pp. 8s.) 

This small volume of 65 pages of text will be a valuable 
addition to the many publications on specialised struc- 
tural topics issued by Concrete Publications, Ltd., in 
the well-known blue binding. Their excellent standards 
of presentation are well maintained with clear diagrams 
of ample scale. The book contains four chapters : 
Prismatic Structures of One Span, Multiple-Bay Struc- 
tures, Continuous Prismatic Structures and Prismatic 
Structures with Sloping Ends. The first deals with the 
principles used in the analysis of the structures stating 
the approximations which have been made ; this chapter 


~was carried out as an ancillary to the main investigation 


Review 
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The eae had not ae Re he effect of the flangi 
flexibility factor on web buckling and are grateful te 
Mr. Rockey for drawing their attention to this. It is 
to be hoped that in due course Mr. Rockey and Mr, 
Watkins will publish a complete record of their findings 
on this aspect of plate girder design. 

Dr. Gottfeldt’s contribution to the discussion deal e 
very fully with the restraining effect of the stiffeners on 
flange buckling. It should be borne in mind, however, 
that the main purpose of intermediate stiffeners is to 
stabilise the web plate and to prevent buckles from 
spreading from one web panel to another, which would 
have the effect of increasing the effective panel size and 
thereby reducing the critical load. In design problems 
the size and spacing of the intermediate stiffeners 
should primarily be determined from consideration 0} 
the above factors and, as pointed out by Dr. Gottfelde, 
there is a definite need for a more rational approach to 
stiffener design. While the authors are in general 
agreement with the arguments put forward by Dr 
Gottfeldt against fitting the intermediate stiffeners te 
the flanges, they still prefer to see them fitted to the 
compression flange. In the girder under review the” 
edges of the compression flange tended to buckle down= 
wards rather than upwards, A similar tendency was 
observed with the welded girders of the series and in 


that the value of intermediate stiffeners will be increa 
when they are fitted to the compression flange. At 
loads approaching the ;ultimate girder load when truss 
action is taking place the additional end bearing area 
at the compression flange will also counteract the 
possibility of overloading the rivets through the stiffeners” 
and compression flange angles which may arise from 
web buckling. 

Dr. Gent has raised some interesting points regarding 
the torsional resistance of the girder. The torsion test 


and was not therefore carried to a degree of twist which 
might influence the behaviour of the girder in the 
subsequent tests. a 

The graphs in Dr.- Dobie’s paper referred to by 
Dr. Gent were derived mainly from tests on rolle 
beams and would be expected to give conservati 
results when applied to plate girders. In calculating 
the torsion constant by relaxation methods the autho 
did not carry the calculations as far as Dr. Gent, which” 
may account for the difference between his value and 
that given in the paper. The rivet pitch used in the: 
girder was not greatly in excess of that which would 
expected to give integral behaviour and the auth 
concur with Dr. Gent that the decrease in torsional 
stiffness due to separate behaviour would be slight. _ | 


requires some application in order to grasp its essenti 
The book is evidently written for structural engineers of 
adequate theoretical background and introduces a 
number of analytical procedures such as the ““ moment: 
balance’’ method, “column analogy,” etc., for the 
design of the continuous slabs and fixed-ended stiffening 
ribs, but in each case one reference is given to publish 
information of use in further study. Little informatio: 
is given regarding practical details and in this conner aaa 
readers might wish to know of the description given 0 
a roof of this type in CONCRETE AND CONSTRUCTIONAL 
ENGINEERING of January, 1952. : 

The book will be found of value to all those ince 
in these modern types of structures. R. J. W. 


MACLACHLAN LECTURE 


The MacLachlan Lecture for 1952 will be given at 
t1, Upper Belgrave Street, London, S.W.1, at 6.0 p.m. 
on Thursday, November 13th, 1952, by Mr. L. E. Ward 
‘Associate-Member). The Lecture will be entitled “‘ The 
Design and Construction of a Three-Bay Aluminium 
Aircraft Hangar at London Airport.” 


FORTHCOMING MEETINGS 


_ The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1. 


Thursday, November 27th, 1952 

Ordinary General Meeting at 5.55 p.m. This meeting 
is for the election of Members and is open only to cor- 
porate members of the Institution. It will be followed 
at 6.0 p.m. by a Joint Meeting with the British Section 
of the Societe des Ingeniéurs Civils de France, when 
Monsieur I. Leviant will give a paper entitled ‘‘ An 
Introduction to Vacuum Concrete.’ 


Thursday, December 11th, 1952 


other Structures.” 


* 


i Thursday, December 18th, 1952 
; Ordinary General Meeting for the election of Members. 


se Thursday, January 8th, 1953 

_ Joint Meeting with the Reinforced Concrete Associa- 
tion at 6.0 p.m., when Colonel A. R. Mais, O.B.E., T.D., 
and Mr. A. C. Little will give a paper on “ The Con- 
struction of Eight Prestressed Concrete Tanks.” 


S Thursday, January 22nd, 1953 


t Ordinary General Meeting for the election of Members 
3 5.55 p-m., followed by an Ordinary Meeting at 
6.0 p.m., when Mr. B. A. E. Hiley, M.I.C.E. (Member 
Council), will give a paper on “‘ Electricity Generating 
tions.” ; 

Members wishing to bring guests to the Ordinary 
‘Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


) EXAMINATIONS—JANUARY, 1953 

_ The Examinations of the Institution will next be held 
‘at Centres in the United Kingdom and overseas on 
‘January 6th and 7th, 1953 (Graduateship), and January 
8th and oth, 1953 (Associate-Membership). 


gi EXAMINATION PASS LIST. JULY, 1952 
t 7 HoME CENTRES 
_ The Examinations were held in July, 1952, at the 


‘usual centres in Great Britain. 

| One hundred and eight candidates took the Graduate- 

‘ship Examination, and 292 took the Associate-Member- 

‘ship Examination, making a total of 4oo. Of these, 

66 passed the Graduateship Examination, and 112 
ed the Associate-Membership Examination. 

_ The names of the successful candidates are :— 


& eae GRADUATESHIP EXAMINATION 
Apams, Peter Henry, Atrwoop, Roy jLeonard, 
EY, John, Baker, Derek William, Bart, Thomas 
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Christopher Gann, Bartow, Eric, Barnes, Victor, 
Barr, James Anthony, BATEMAN, Douglas James, 
CaPELIN, Dennis Edwin; Cuitvers, Alan, CLARKSON, 
Reginald George, CoLEMAN, Peter Stanley, Conway, 
Gerald Ernest, CZARNECKI, Jan, Dampier, Bernard 
William, DE Penninc, Jean Charles, Durtey, Anthony 
William, Earp, Clifford David, Ertts, Kenneth George, 
Evans, Robert Edgar, Everett, Frank Joseph, FARLEY, 
Michael George Gilbert, Fincu, Cecil William, Gacu, 
Jerzy, GREENE, Dennis Leslie, HapEN, Godfrey Eric, 
Hoimes, Gordon Victor, HoLocHER, Roman Wieslaw, 
IWANSKI, Zygmunt, JANKA, Kazimierz, JENKINS, Roy 
George Henry, JONES, Royston William, Kirkman, 
Cyril John, Kror, Tadeusz, KucHarskt, Albin Michael, 
LENARTOWICZ, Witold, Lewis, Brian David, LLEWELLYN 
Peter Charles, McNatity, Eneas, Mason, John Francis, 
Masters, Patrick Anthony, MusGRAVE, Denis, NOBLE, 
Colin, NORTHGREAVES, Kenneth Roy, NutTTatt, Peter, 
OrPISZAK, Boleslaw, Puittips, William, Roserts, 
Geoffrey Russell, Rosr, Charles Frederick, RZADKIE- 
wicz, Stanislaw, SHOTTON, James Edward, SLowt1- 
KOWSKI, Leszek, Smit, Jerrold Arthur Joseph, STAcEY, 
Donald William, Stanyon, Philip George, STRACHAN, 
Alan, StTupzINsk!, Stanislaw Henryk, Tue1, Arthur 
Abraham, Wapon, Jan Jerzy, WALKER, Geoffrey, 
WALKER, Sidney, WARRINER, Harold Maurice, WHITE- 
sMITH, Noel Gilbert, WILKES, Brian Edward, Worron, 
Frederick Ernest. 


ASSOCIATE-MEMBERSHIP EXAMINATION 

ANDERSON, Robert, ATHAVALE, Shrikrishna Gan- 
gadhar, Batley, Stanley, BarcHam, William John, 
Barnes, Robert Gerald, Baron, John William, BARTAK, 
Andrzej Josef Jerzy, BARTLE, Peter Ronald, BAyLey, 
Jack Borough, BENNETT, Colin Joseph, BENNETT, 
Robert Walter, Brritincton, Roger Dean, Binns, 
Robert Derek, Brack, Robert, BLETCHER, Raymond 
Leonard, Bonp, Peter Henry, Booty, Robert Stuart, 
BrEGOszZ, Stanislaw, Broucu, Derek Fletcher, BRYANT, 
Michael Ernest, BursLemM, John Austin, CAMPBELL, 
Gordon Arnison, CAMPBELL, Peter Leonard, CANNING, 
Philip John Alexander, CaroLan, Edward Joseph, 
CHAPMAN, Kenneth Geoffrey, CHAPPELL, Donald, CHap- 
PELL, Ronald Charles, CLARK, George Hyde, CREET, 
John George, CROsTHWAITE, Donald Rothery, CrutcH- 
LEY, Leslie, Cussons, Stanley Harold, Davey, Kenneth 
Clive, Day, James Archie, DempBrnsk1, Maciej Jerzy 
Josef, DENNARD, Bertram, De Souza, Ronald Cajetan, 
Duncan, John, Epwarps, Jack Alfred, Epwarps, 
Philip Birchall, Ertis, Ryan, Exsey, Morris Burtield, 
Evans, David Edmund, Eyres, Derek, FARNABY, John 
Eric, Foster, Rodney, FriscHMANN, Wilem William, 
Frost, Lewis Lake, Futter, Edward Thomas, GAw- 
LINSKI, Andrzej Wilhelm, Goreckt, Alexander, HALSALL, 
John Denys, HatsTeap, Donald Harris, HARRIs, David 
William, Harrison, Edward, Harvey, John Alan, 
Harvey, Wreyford Frank Petrie, Hicks, Edward 
George, Hit, John Worsley, Hitt, Peter Henry, Hocan, 
Eugene Peter, Jarvis, Anthony Peter, JENKINS, Robert 
William, Jones, Ivor Philip Thompson, Kap1ant, Fida 
Husein Ghulamali, Kay, Marzell, KinpER, Graham, 
Lanpau, Robert Elkan, Lancrorp, Lewis, LEE, Gerald 


_ Stanley, L’Oste-Brown, Anthony Joseph, McCarTE, 


John, McCautey, John Brian, McGrecor, David Hugh, 
MaILLarpeET, Roy, Mate, Edwin Talbot, Mann, Frank 
Thomas, Martin, William George, MorRrAy-JONES, 
Robert Henry, Nasi, Gamil Abdel, Naytor, Gerald 
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Wilfrid, Nour, Max, NorFoLk, John Duncan, NORMAN, 
John Leonard, OvENs, Hubert, Pace, Frank Arthur, 
Rosinson, William Crathern, Rocers, Kenneth Jordan, 
RowLanp, Vernon Roy, Row.ey, Noel, SALTER, 
Terence Herbert, SHIELDS, Douglas John, Smiru, Peter 
Frederick, SmirH, Reginald George, SNOWDEN, George 
William, Sraic, Alan Franklin, SuGDEN, Derek Taylor, 
SUNNAK, Sardari Lal, TANNER, Peter Christopher, 
TayLor, Gerald, THompson, Peter Charles, THORELY, 
Walter, TINSLEY, Peter Hugh, Towler, Robert Jack, 
Wanppy, Harry Francis, WEBSTER, Donald Kenneth, 
WEEKS, Peter Charles, Wetrs, Kenneth James, 
Wittiams, Keith Henry Glyn, Woop, Peter Buckley, 
Woops, Malcolm Derek. 


MACLACHLAN LECTURE COMPETITION, 1953 


The closing date for the receipt of entries for the next 
MacLachlan Lecture Competition will be Tuesday, 
March 31st, 1953. Particulars of the Competition are 

1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the MacLachlan 
Lecture and to be held annually. — 

2. The subject of the Lecture may be on any aspect 
of Structural Engineering so long as in every second 
year the subject shall be confined to steel structures. 
(1953 is one of these years.) 

3. Entrance into the competition for the Lecture 
shall be confined to Associate Members of the Institution, 
who are under the age of 32 years. 

4. All papers, entered for the competition shall be 
submitted to assessors to be appointed by the 
Council of the Institution, and all such papers (including 
the prize-winning Lecture) shall be available for publica- 
tion in the Journal of the Institution at the discretion 
of the Council. 

5. No paper submitted shall have been published or 
read elsewhere. 

6. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of £17 Ios. od. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit he will receive a consolation 
award of £5. 

8. In the event of there being no winner of the 
competition in any one or more years, whether because 
no lecture submitted is considered to be of sufficient 
merit to warrant award, or for any other reason, the 
Institution shall transfer these sums to the Research 
Fund of the Institution. 


PARTICULARS OF THE COMPETITION FOR 1953 


1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1953. 

2. The subject of the lecture shall be confined to 
steel structures. . 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
possible in the text ; if they are essential they should be 
embodied in appendices. Photographs, drawings, 
graphs, etc., which would appear as illustrations to the 
lecture in published form, should accompany the script. 
If additional illustrations would be shown as slides, a 
list of these should be included. 

4. Six copies of each Lecture should be submitted and 
should be addressed to the Secretary of the Institution. 

5. The closing date for the receipt of entries by the 
Institution is Tuesday, March 31st, 1953. 


shall be countersigned by a corporate member of the 


‘The Sirsictonad Engine 


DRURY MEDAL AWARD 

The fourth competition for the above award will take 
place in 1953. The subject is the design of the structure 
of a new factory building. The material of construction 
is entirely at the choice of the competitor. The compe- 
tition has been designed to encourage ingenuity of 
structural arrangement. Economy in the use of steel i 
an important feature of this year’s competition. 

Graduates and Students of the Institution who wish 
to compete are invited to apply for full details to the 
Secretary ; envelopes to be marked in the top left-hand 
corner, ‘ Drury Medal Award.” 

The closing date for the competition is October 1st, 
1953. 
The general conditions of the seers are as fol- 
lows :— 

I. The competition shall be for Graduates and 
Students of the Institution of not more than 25 yeary 
of age. 

2. The subject of the competition shall be a design of a 
structural character, that is to say, primarily structural — 
design, not planning. ‘ 

3. The subject of design and conditions shall be ~ 
prepared and issued biennially by a group of five mem-_ 
bers appointed by the Council. ; 

4. The Literature Committee shall appoint a Jury of 
not less than -five to examine the works submitted and _ 
to interview candidates, if found necessary. F 

5. In order to show that the work submitted is solely 
the work of the competitor, the documents submitted 


Institution, or failing this, shall be accompanied by a 
declaration on a prescribed form signed by the candidate _ 
in the presence of a Justice of the Peace or a Commiis- 
sioner for Oaths. 


HONOURS AND AWARDS 


In offering their sincere congratulations to the follow- 
ing member on the distinction recently conferred upon ~ 
him, the Council feel that they are also expressing the : 
good wishes of the Institution. a 

Order of the British Empire—O.B.E. - 
Mr. R. A. HatrreLp (Associate-Member). , 


PERSONAL = 
Mr. P. B. Steer (Associate-Member) has joined Messrs. 4 


_ Stoyer & Adcock, Consulting Engineers, of 122, Wilton” 


Road, London, S.W.1, as a partner. 4 


LONDON GRADUATES’ AND STUDENTS’ SECTION - 


The next meeting of the Section will take place at 
11, Upper Belgrave Street, London, S.W.1, on Tuesday, | 
November 11th, 1952, at 6.0 p-m., when the following — 
films will be shown by courtesy of the British Iron and 
Steel Federation :— 

(a) “ Great Achievement.”’ 

(b) “‘ Steel in West Yorkshire.” 

(c) “oSteel.” 

(d) “‘ River of Steel.” 
’ Hon. Secretary: C. Allen Brown, 43, Coolgardie 
Avenue, Highams Park, London, E.4. 


ew aert ater me 


BRANCH NOTICES 


LANCASHIRE AND CHESHIRE BRANCH 
The following meetings have been arranged :— 


ee eee 


Wednesday, November 1th, 1952” Sg 
Mr. F. R. Bullen, B.Sc., M.I.C.E. (Hon. Curator), o 
“Unusual Design for a Large Constructional Shop.” 


November, 1952 


Tuesday, January 13th, 1953 

Joint Meeting with the Institute of Welding, Liverpool 
nd District Branch, when the 1951 Larke Medal Paper 
on “Continuous Welded Structures, Abbey Works, 
Port Talbot,” will be given by W. S. Atkins, B.Sc., 
M.I.C.E., M.Inst.W., at the Liverpool College of Tech- 
nology, at 7.0 p.m. 


Wednesday, January 28th, 1953 

Mr. Ronald Oates (Graduate), on ‘‘ The Structural 
Design of the Medieval Cathedral.’ 
All Meetings, unless otherwise stated, will be held in 
‘the Reynolds Hall, College of Technology, Manchester, 
at 6.30 p.m., preceded by tea at 5.45 p.m. 

Hon. Secretary: A. S. Sinclair, A.M.1.Struct.E., 
24, Kenwood Road, Stretford, Lancs. 


MIDLAND COUNTIES BRANCH 
The following meetings have been arranged :— 


Tuesday, November 18th, 1952 
Film : ‘‘ Fawley Refinéry,’”’ Parts 1 and 2, at Derby, 
at 7.0 p.m. 


Friday, November 28th, 1952 
Mr. E. McMinn, on “ Tubular Structures.” 


Friday, January 23rd, 1953 

Dr. K. Hajnal-Konyi, A.M.I.C.E. (Member), on 
“ Recent Applications of Shell Concrete Construction 
in England and Wales.” 

All Meetings, except where otherwise stated, to bé 
held in the James Watt Memorial Institute, Birmingham, 
-at 6.0 p.m. 

. Hon. Secretary : L. A. Firminger, A.M.I.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 


MIDLAND COUNTIES BRANCH—GRADUATES’ AND 
STUDENTS’ SECTION 


The following meetings have been arranged :— 


Wednesday, November 26th, 1952 
Joint Meeting with the Student Section of the Midlands 
Association of the Institution of Civil Engineers, Mr. E. 
T. Edwards, F.G.S., A.M.I.Mech.E., on “ Boreholes in 
the Midlands for Water Supply and Foundations,” at 
Birmingham Civic Centre (Room 129), at 6.30 p.m. 


Friday, January 30th, 1953 

“ Further Recent Midland Structures.”’ Descriptions 
of Rebuilding of Marshall & Snelgroves and C. & A. 
Modes (War Damage), Birmingham Technical College 
(Steel Frame Building), and Grosvenor House, Birming- 
ham (Foundations), at the James Watt Memorial 
Institute, Great Charles Street, Birmingham, at 7.0 p.m. 
Hon. Secretary : F. G. Fletcher, 60, Brean Avenue, 

South Yardley, Birmingham, 26. 


NORTHERN COUNTIES BRANCH 
The following meetings have been arranged :— 


Tuesday, November 4th, 1952 
Mr. F. R. Bullen, B.Sc., M.I.C.E. (Hon. Curator), on 
“Unusual Design for a Large Constructional Shop,” at 
_ Middlesbrough. ; 


ae Wednesday, November 5th, 1952 
The above meeting will be repeated at Newcastle. 


, 
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Tuesday, December 2nd, 1952 


Mr. D. M. Brotton, B.Sc., Ph.D. (Graduate), on 
“ Relaxation Methods’ at Middlesbrough. 


Wednesday, December 3rd, 1952 
The above meeting will be repeated at Newcastle. 


Tuesday, January 6th, 1953 
Joint Meeting with the Institution of Civil Engineers 
at Middlesbrough. 


Wednesday, January 15th, 1953 
Joint Meeting with the Northern Architectural Asso- 
ciation, at Newcastle. 


All meetings will commence at 6.30 p.m., the Middles- 
brough meetings being held at the Cleveland Scientific 
and Technical Institution, Corporation Road, and the 
Newcastle Meetings in the Neville Hall, near the Central © 
Station. 

Hon. Secretary: O. Lithgow, A.M.1I.Struct.E., 
4, Stoneleigh Avenue, Acklam, Middlesbrough. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 


Tuesday, November 4th, 1952 
Mr. Stanley Marchant, B.Sc., A.M.I.Mech.E., on 
“Theory and Practice of Prestressed Concrete.”’ 


Tuesday, December oth, 1952 
Films : ‘‘ Welded Structures,’ and ‘New Tyne 
Bridge ’’—kindly lent by Messrs. Dorman Long & Co., 
Ltd. 


Monday, January ioth, 1953 

Joint Meeting with the Institution of Civil Engineers, 
Northern Ireland Association. Mr. Harold E. Sidwell, 
M.Sc., A.M.I.C.E., on “ Reinforced Concrete Building 
in Brazil,” at Queen’s University, Belfast, at 5.45 p.m. 

All meetings, unless otherwise stated, will be held at 
the College of Technology, Belfast, at 6.45 p.m., preceded 
by tea at the Overseas League Premises, Wellington 
Place, Belfast, at 6.0 p.m. 

Hon. Secretary: S. Duckworth, M.I.Struct.E., 
“ Lisleen,’”’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
The following meetings have been arranged :— 


Tuesday, November 18th, 1952 
Mr. E. McMinn, on “ Tubular Structures,’ at the 
Ca’doro Restaurant, Glasgow, at 6.0 p.m. 


Tuesday, December 16th, 1952 
Mr. J. H. Huntley, on “‘ Structural Design of Cranes,” 
at the Ca’doro Restaurant, Glasgow, at 6.0 p.m. 
Hon. Secretary: D. G. Drummond, B.Sc., 
M.I1.Struct.E., A.M.I.C.E., 311, Woodside Terrace, 
Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 
The opening meeting of the Session will be held at 
the Duke of Cornwall Hotel, Millbay, Plymouth, on 
Wednesday, November 5th, 1952, at 7.0 p.m. The 
President and the Secretary of the Institution will 
attend the Meeting. 
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The following meeting has been arranged :— 


Friday, January 23rd, 1953 

Mr. Leslie Richardson, A.M.1.C.E. (Associate-Member) 
m “‘ Construction of Two Power Stations in the South- 
West,”’ at the Duke of Cornwall Hotel, Millbay, Ply- 
mouth, at 7.0 p.m. 

Hon. Secretary : E. W. Howells, M.I.Struct.E., c/o 
Messrs. T. L. Harding & Sons, Ltd., 10-12, Market 
Street, Torquay, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 


Saturday, November ist, 1952 
The Chairman’s Address, which was given by Colonel 
R. D. Heseltine, T.D., D.L. (Member), at Cardiff, on 
October 17th, will be repeated at Colwyn Bay, and will 
be followed by a discussion. 


Thursday, November 13th, 1952 


Mr. R. G. Braithwaite, M.I.C.E., on “ Electric Screw 
Piling,” at Cardiff. 


Wednesday, November 19th, 1952 
The above meeting will be repeated at Swansea. 


Monday, December ist, 1952 


A meeting will be held at Cardiff at which films will 
be shown. 


Wednesday, December 3rd, 1952 
A meeting will be held at Swansea at which films will 
be shown. 


Wednesday, January 21st, 1953 

Junior Members’ Evening at Swansea. 

Meetings in Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, at 6.30 p.m. 

Meetings in Swansea will be held at the Mackworth 
Hotel, at 6.30 p.m. 

Meetings in Colwyn Bay will be held at the County 
Buildings at 6.0 p.m. 

Hon, Secretary > ~G.  R2~ Brueton, ~A.M.1L.CE, 
A.M.1.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. 


WESTERN COUNTIES BRANCH 
The following meetings have been arranged :— 


Friday, November 7th, 1952 
Combined Meeting with the Institution of Civil 
Engineers. Mr. G. P: Bridges, A.M.I.C.E., L.R.I.B.A. 
(Member), on ‘‘ The Design and Construction of Rein- 
forced Concrete Silos and Bunkers.”’ 


Friday, December 5th, 1952 
Mr. P. J. Ward, on “ The Design and Erection of 
Television Masts.” 


Friday, January 2nd, 1953 

Mr. F. R. Bullen, B.Sc., M.I.C.E. (Hon. Curator), on 
“ Unusual Design for a Large Constructional Shop.”’ 

All meetings will be held in the University of Bristol 
Geology Lecture Theatre at 6.0 p.m., preceded by tea 
at 5.30 p.m. 

Hon. Secretary : E. Hughes, A.M.I.Struct.E., 30, 
Effingham Road, St. Andrew’s Park, Bristol, 6. 


YORKSHIRE BRANCH 
The following meetings have been arranged :— 


Wednesday, November 19th, 1952 


Mr. G. C. Cummings, B.Sc., on ‘‘ Concrete Grain 
Silos at Louth.” 


The Structural Engi 


Wednesday, December 17th, 1952 


Mr. F. R. Bullen, B.Sc., M.I.C.E. (Hon. Curator), on 
“Unusual Design for a Large Constructional Shop.” 


Wednesday, January 21st, 1952 

Mr. Donovan H. Lee, B.Sc., M.I.C.E., M.I.Mech. Be 
(Member of Council), on ““Design of Prestressed Con- 
Clete | 
All meetings will be held at the University, Leeds, at | 
6.30 p.m. q 
Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The | 


Drive, Alwoodley, Leeds. { 
UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E., 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
week-davs Mr. Tait can be contacted in the City En- 
gineer’s Department, City Hall, Johannesburg. ie 
34-7111, Ext. 257. 

Natal Section Hon. Secretary: E. G. Bennett, 4 
A.M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O. 
Box 49, Merebank, Durban. i 


Cape Section Hon. Secretary : R. Stubbs, M.1.Struct.E., 
P.O. Box 1692, Cape Town. 
{ 


ADDITIONS TO THE LIBRARY 


TSCHEBOTARIOFF, G. P. Soil Mechanics, Foundations 
and Earth Structures; An Introduction to the Theory 
and Practice of Design and Construction. New York 
and London, 1951. Presented by Mr. A. C. Hobbs. 


GEDDES, Spence. Building and Civil Engineering Plant = 
Its Purchase, Application and Operation. London, 
Ig51. Presented by Mr. D. F. Weare. 


Proceedings of the American Soctety for Testing M. aterials, © 
Vol. 51, 1951. Philadelphia, 1952. 


WuittaM, E. F. Healing in Concrete after Compression — 
Failure or Autogenous Healing (Thesis submitted for 


the Degree of Master of Science, University of London, — 
1950). Presented by-the Author. . 


FaBer, Oscar. Reinforced Concrete. London, 1952. — 
Two copies, presented by Professor A. L. L. Baker 
and Mr. L. E. Hawkins. 


Kocu, J. J., and Others. Strain Gauges : Theory and 
Application. London, 1952. Presented by Dr. D. M. 
Brotton. : 


LANGHAAR, J. L. Dimensional Analysis and Theory of 
Models. New York, 1951. Presented by Dr. S. 
Mackey. 


AsHpown, A. J. The Design of Prismatic Structures. 
London, 1951. Presented by Mr. R. J. Wilkins. 


STEWART, D. A. The Design and Placing of High 
Quality Concrete. London, 1951. Presented by Mr. 
W. Hunter Rose. 


Scorr, W. Basil. Steelwork in Buildings : A Commentary 
on the B.S.S. on the Use of Structural Steel in Building. 
London, 1952. Presented by the Author. 


THIRLWELL, J.B. Strength of Materials, London, 1952. 
Presented by Mr. C. A. R. Eslick. 


PRAGER, W. and HopceE, P. G., Jr. 
Plastic Solids. 
Dr. A. R. Gent. 


MERIAM, J.L. Mechanics : Part I—Siatics. New York, 
1952.. Presented by Mr. F. Hyde Blake. 


BrEND, H. J. Means of Escape in Case of Fire. Loodaal 
1952. Presented by Mr. A. H. Ley. 


Che 


Theory of Perfectly 
New York, 1951. Presented by 


December, 1952. 
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‘I wish to thank the members of the Institution most 
sincerely for the honour they have conferred on me in 
electing me President for the coming year. I am deeply 
sensible of the honour and responsibility of presiding 
over this vigorous Institution of over 6,000 members and 
while I am very conscious of my many shortcomings, I 
am also fully aware that I shall receive the unstinted 
support of your Council, the Secretary and the staff of the 
[nstitution. During my term as President it will be my 
constant endeavour to further the aims and objects of the 
Institution as set out in our Charter. 

It is not unusual for the President in his address to 
refer to the work or town with which he has. been 
associated during his professional career, and therefore 
my first thoughts when considering this address were in 
connection with London. It soon became apparent how- 
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Fig. 1— Population of London 


‘ever, that the subject of structural engineering works in 
London was so vast that it would be necessary to confine 
‘my remarks to a specific part of the metropolis. I shall 
‘therefore describe, Sometimes very briefly, works in 
‘connection with the river Thames, which have been 
essential for the growth and development of London and 
‘shall generally confine my remarks to that important 
‘stretch of the river, 22 miles long, which passes through 
the Administrative County of London. : 
_ Although the origin of the name London is Celtic, it is 
.— that there was no settlement of any importance 


__ *Given before a General Meeting of the Institution of Structural 
Engineers at 11 Upper Belgvave- Street, London, S.W.1, om 
"hursday, October 9th, 1952. -..-. ta ae AL, 
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sey Presidential Address” 


By E. Granter, B.Sc(Eng.), M.I.C.E., M.I.Struct.E. 


on the site of London before the invasion of Britain by 
the Romans, under the Emperor Claudius, in A.D. 43. 
Geographically the site of London was ideal for the pur- 
pose of trade with the Continent and it was also far 
enough up the Thames for river crossings by ford or 
bridge to link up with the road system of the period. 
After the invasion, London rapidly grew in importance 
due to its position as a commercial centre and soon 
became the chief town in Britain. 


The early town was built on two small hills between 
Blackfriars Bridge on the west and the Tower of London 
on the east and was divided by the Walbrook into 
approximately two equal areas. The site of the town 
provided a long frontage to the Thames and it is not im- 
probable that the first engineering works to be con- 
structed were wharves east of the Walbrook. The 


Fig. 2.—Growth of London, 1600-1900 


remains of substantial timber structures which have been 
discovered at various times, in the neighbourhood of 
Lower Thames Street, may well be the remains of these 
early works. About A.D. 150 London was surrounded 
by a protecting wall which enclosed an area of about 330 
acres. The landward wall was about two miles in length 
and was of substantial construction. There was also a 
small unwalled settlement on the south side of the river. 
The foundations of the wall consisted generally of 
puddled clay and flints, although ragstone was some- 
times used instead of’flints. The main part of the wall 
was built of Kentish Ragstone with the internal and 


external faces roughly squared and built in courses, 


while the interior stones were laid in a rough state. The 
wall was built in a trench 3 or 4 ft. deep and about 10 ft. 
wide. The height of the original wall is not known, but 
during demolition work in Camomile Street in 1905, a 
length of wall 14 ft. 6 in. in height above the plinth was 
discovered. Remains of portions of the landward part 
of the wall have been discovered and some of these are 
still visible in various parts of the City. Unfortunately, 
little is known of the river wall which joined up with the 
landward wall and there appear to be no remains of 
it to-day. 
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London continued to prosper under the Romans, but 
after their withdrawal in A.D. 410 it declined and was 
probably only sparsely populated for some time. By the 
seventh century London appears to have become an 
important trading centre again, and is described by Bede, 


673-735, aS an emporium of many nations coming by land 
and sea. The growth of London continued throughout 


Fig. 3.—Old London Bridge, 1616 
From an original print in the Guildhall Library 


the centuries, and although efforts were made by several 
sovereigns to restrict its growth, these had little effect, 
and by 1801 the population of Greater London was just 
over 1,000,000. Since the beginning of the nineteenth 
century the population has increased at a phenomenal 
rate and in 1939 was 8,728,000. This rapid growth is 
shown by the graph plotted from the Census Reports of 
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~The Structural Engine 


which had to be surmounted. The river cut right 
across the commercial highways of the country in the 
early days of civilisation in this island, and means of 
crossing it had to be found. Apart from primitive boats, 
the first method of crossing a river was by fords and this 
was followed successively by ferries, bridges and tunnels, 
It is held by many that there was a ford near West- 


minster as the Roman highways appear to converge 
there and it is probable that there were others. 

Ferries in course of time replaced the fords and were 
established at various positions along the Thames. One 
of the ferries, to which there are many historical refer- 
ences, was the horseferry which plied between West- 
minster and Lambeth. It is not known when it was 


Fig. 4.—Old Putney Bridge 


the Registrar General, Fig. 1. The growth of London 
during the period 1600-1900 is illustrated in Fig. 2, 
which also shows in a striking manner the expansion of 
London during the last century, when large areas of the 
countryside were absorbed for roads and buildings. 
Although the river Thames was the main highway of 
London, it also constituted a barrier of no mean order 


first established but there is a specific reference to it in 
the year 1513. In that year the Archbishop of Canter- 


_ bury granted to Humphrey Trevilyan the passage or 


ferry over the Thames from ‘‘ Lamhithe ’’ to the Bank of 
the Abbot and Convent of Westminster at a rent of 
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an Act was passed authorising the building of a bridge at 
Westminster, it provided for payment of compensation 
to the Archbishop and his lessees for damage to the 


+ 


horseferry and in 1750, when it was discontinued, a sum 
of £3,780 was paid. 

_ The only ferry in the county in existence to-day is the 
free ferry between North and South Woolwich, which was 
Opened in 1889, and conveys vehicles in addition to 
Passengers. 


i Road Bridges 


_ It is not definitely known when the first bridge was 
built ‘over the Thames but the historian, Cassius Dio, 
writing nearly two centuries after the Roman invasion, 
‘describes the crossing of the river by the invaders, and he 
states that some of them forced the passage of the bridge. 
|As the historian was writing nearly two centuries after 
the event, there must be considerable uncertainty 
whether a bridge did exist at that time. Although 
actual proof is lacking, it is almost certain that the 
Romans bridged the Thames during their occupation of 
sritain. It would be surprising if with their considerable 
experience of bridge building, they were satisfied with a 
ford or ferry to connect their road system, and it is known 
that Julius Caesar in the previous century crossed the 
Rhine by a bridge constructed by his engineers. In 
addition, there is evidence that the settlement of the land 
surface! in London amounts to about 15 feet in the last 
two thousand years indicating that the tide in Roman 
imes did not extend so far up the river as it does to-day. 
With a shallower river and little or no tidal action the 
sonstruction of a bridge would have been simplified. 

_ The next historical reference to a bridge in London is in 
the second half of the tenth century when it was re- 
corded that a woman, condemned to death for witch- 
craft, was drowned at London Bridge. From this time 
Vuntil the first stone bridge was built in the twelfth 
century there are many references to a timber bridge in 


1Royat ComMIssion oN HISTORICAL MonumMENTS. Vol. III. 
Roman London. 
“Min, Proc. Inst.C.E., Vol. II, 1843, p. 87. 
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and chattels, should be transported free. When, in 1736, 
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London. The first stone bridge, now known as Old 
London Bridge, had 20 spans, and was in course of con- 
struction for 33 years from 1176-1209. It was built 
under the direction of Peter of Colechurch, Chaplain of 


Fig. 5.—Old Westminster Bridge 
From a print in the L.C.C. Library 


St. Mary, Colechurch. He died in 1205 before its com- 
pletion and was buried in the Chapel on the bridge. 
During 1581 and 1582 Peter Morice, a Dutchman 
established water works at the bridge for supplying the 
city with water. There were also water wheels for 
grinding corn at the Southwark side of the bridge. 


According to the measurements made by Mr, Giles? in 
1820, the length between abutments was 931 ft. and of 


es 


Fig. 6.—A perspective view of pile driver used at old 
' Westminster Bridge 
From a print in the L.C.C. Library 
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this length, the piers occupied 406 ft. 10 in. and the 
aggregate water way between the piers above the star- 
lings was 524 ft. 2 in., while below the starlings it was 
230 ft. 11 in. The obstruction to the free flow of the 
water caused by the piers and starlings was so great that 
on the occurrence of a Spring tide and a high upland dis- 
charge, the difference at low tide in the level of the water 
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represent unto His Majesty the City’s great sense and 
apprehension of and most humble thanks for the great 
instance of His Majesty’s good and favour towards them 
expressed in preventing of the new bridge proposed to be 
built over the River of Thames betwixt Lambeth and 
Westminster which as is conceived would have been o 

dangerous consequence to the state of the City.” 


Fig. 7Old Blackfriars Bridge 
From an original print, 1790, in the Guildhall Library : 


above and below the bridge was about 5 ft. 7 in. The 
operation of shooting the bridge was very dangerous and 
many lives were lost through the upsetting of boats while 
passing under the arches. About 1760 all the buildings 
on the bridge were removed, the bridge was widened, and 
two arches were made into one, and in 1782 the bridge 
was freed from toll. The obstruction caused to the free 
flow of the river by the piers resulted in the water 
freezing in severe winters, and when this occurred it was 
the custom to hold fairs on the ice. The last one of any 
‘importance was held in 1814 and with the removal of the 
old bridge the freezing of the river ceased. 


The bridge, which had been in existence for 622 years 
and had suffered from neglect, fire and flood, was de- 
molished in 1831-34 for the sum of £35,500. It had 
played its part in sieges, rebellions, pageants and many 
historical events and during its existence London had 
grown into the most important city in the world. 
Citizens of London were very proud of their bridge ; 
Stowe in his “ Survey of London,” published in 1598 
wrote, “ To conclude of this bridge over the said River 
Thames, I affirm, as in other descriptions, that it is work 
very rare having with the drawbridge 20 arches of squared 
stone.” 


During the excavations for Adelaide House in 1921, an 
arch of Old London Bridge was discovered. It had a 
span of 29 ft. and a rise of about 7 ft. above the springing, 
and had been strengthened by the addition of three 
moulded ribs of Portland stone but unfortunately, this 
relic was not preserved. 


For over five centuries, old London Bridge was the only 
bridge over the Thames and although London was 
extending westwards and growing rapidly in size and 
importance, the building of a second bridge was so 
vigorously opposed by the City of London that it was not 
until 1729 that a second bridge was built at Putney. On 
the occasion of the City of London advancing a loan of 
£100,000 to Charles II, the Minit of the Common 
Council of 26th October, 1664, state :.‘‘ And withal to 


A few years later in 1671 a Bill was presented to 
Parliament for authority to build a bridge between 
Putney and Fulham, but again, the opposition was so 
great that the Bill was rejected, and it was not until 1726, 
55 years later, that an Act was passed authorising th 
building of Putney Bridge. This bridge was followed by 
the opening of old Westminster Bridge in 1750, ol 
Blackfriars Bridge in 1769 and old Battersea Bridge i 
1772. With the rapid growth of the population in the 
nineteenth century, the insistent demand for further 


Fig. 8.— Old Battersea Bridge 
From a print in the L.C.C. Library 


means of communication across the river increased and 
during the century nine new road bridges were built, and 
the five earlier ones were all rebuilt. Since 1900, 
although bridges on new sites have been proposed, nous 
has yet been built, but six have been rebuilt. 

All the Thames bridges, with the exception of Londall 
Blackfriars, Westminster and Chelsea Bridges, built in 
the County before 1877, had been constructed by private 
companies for profit and tolls were payable for both 
vehicular and pedestrian traffic. It was found that 
people would travel considerable distances to avoid p 
ing a small toll and consequently the enterprises were ne 
generally financially successful. .In 1877 the Metro 
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Toll Bridges Act was passed providing for the purchase 
by the London County Council’s predecessors, the 
Metropolitan Board of Works, of all bridges, with the 
exception of Westminster, from Waterloo to Hammer- 
smith inclusive, in order to open them to the public free 
of toll, and by the end of 1880 all the bridges had been 
freed. The amount of compensation paid by the Board 
‘to comply with the Act was £1,376,825. Blackfriars and 
Southwark Bridges were freed from toll in 1811 and 1864 
‘respectively. Most of the bridges purchased had to be 
strengthened in order to carry the greatly increased 
‘traffic which resulted from the removals of the tolls, 
while Hammersmith, Putney and Battersea had to be 
rebuilt. 

There are 14 road bridges over the River Thames in the 
County of London, ten are owned and maintained by the 
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Fig. 9.—Old Vauxhall Bridge 


London County Council and the remaining four, Tower, 
London, Southwark and Blackfriars, by the Corporation 
of London. All of the original bridges, with the except- 
ion of Tower and Albert, have been rebuilt and I shall 
tefer to each in chronological order and shall include one 
footbridge built by Brunel. It is interesting to notice 


the changes throughout the years in regard to the > 


appearance, design and methods of construction of the 
bridges. Various particulars of the bridges are given in 
the appendix. 

_ Old Putney Bridge, the first one to be built after old 
London Bridge, cost £23,000, and was opened in 1729. 
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the first new bridge across the river should be at this site. 
The old bridge, after a life of 157 years, was removed 
after the opening of New Putney Bridge in 1886. Its 
timbers had been so often renewed that it is doubtful 
whether any part of the original bridge above river bed 
level remained throughout its existence. 


Old Westminster Bridge was built of masonry and had 
15 semi-circular arches, the largest being 76 ft. The 
piers were constructed in heavy wooden caissons, which 
were built on the shore, floated into position and sunk on 
to the river bed, which had previously been prepared for 
them. It was built in the years 1739-1750, but before it 
was completed one of the piers failed and had to be re- 
built together with two adjoining arches. That the 
bridge took nearly 12 years to construct illustrates the 
difficulties of building a bridge of that size with the 
appliances then available. Fig. 6 shows a pile driver 
invented by Vanloue, a watchmaker, and used for the 
work. The increased scour of the river, attributed to 
the removal of old London Bridge, so weakened the 
foundations that the bridge had to be eventually rebuilt. 


Old Blackfriars Bridge was a masonry bridge of nine 
elliptical arches, the largest having a span of roo ft. It 
was supported on timber piles which were cut off at the 
required level by an invention by Mylne who designed 
the bridge. The piers were built in timber> caissons 
similar to those used at old Westminster Bridge, but in 
this case, the bottoms of the caissons rested on the 
timber piles. The bridge with a gradient of I in 14 
proved most unsatisfactory for horse traffic. In 1833 
extensive repairs, costing £105,000, were carried out, but 
the increased scour of the river caused by the removal of 
old London Bridge made it unsafe and it had to be 
rebuilt. 


Old Battersea Bridge was a timber structure opened in 
1772 and replaced a ferry which had existed at the site 
for many years. When built, it had 19 spans, varying 
from 15 ft. 6 in. to 32 ft., but subsequently four of the 
spans were reconstructed to make two larger spans. 
After it had been purchased by the Metropolitan Board 
of Works in 1879 it was found that the decayed condition 
of the timber piles made it necessary to discontinue its 
use for vehicular traffic and powers were obtained to 


i Fig. 10.—Old Waterloo Bridge 


George {II, when Prince of Wales, was reputed to be the 
first person to cross it. It was a timber bridge and 
originally had 26 spans, varying from 14 ft. to 32 ft., but 
‘in 1870 and 1871, in order to facilitate navigation, a 
“number of the piers were removed and two larger spans 
were provided. A toll of Is. was charged. for every 
"carriage with two horses, 6d. for a one horse carriage and 
_ 4d. for every foot passenger. The bridge was made free 
of toll in 1880 when it was found to be totally inadequate 
for the traffic which had increased about 300 per cent. on 
e abolition of the toll and it was therefore decided that 
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construct a new bridge. The old bridge, which cost only 
{20,000 to build, was removed in 1886 after being in use 
for over 100 years. 

At the beginning of the nineteenth century there had 
been little building development in the neighbourhood of 
the site of old Vauxhall Bridge and the celebrated public 
resort known as Vauxhall Gardens was still in existence. 
It was at first proposed to build astone bridge and Mr. John 
Rennie was appointed the engineer, but only a small 
amount of work was carried out before the proposal for a 
stone bridge was abandoned as it was decided to 
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economise by building a bridge with an iron superstructure. 
The new design was prepared by Mr. James Walker. 
This was the first iron bridge built across the Thames. 
It had nine spans of 78 ft. and each span had ten cast 
iron ribs of I Section, 18 in. deep. The ribs were cast in 
three sections, each section being cast with a spandrel 
framing above it in one piece. The joints of the ribs 
which were not machined were caulked with lead and 
covered with plates bolted to the ribs. Timber caissons 
were used for constructing the piers ; the site to be 
occupied by each was dredged to a depth of 3 ft. below 
the proposed foundation level and the excavation filled 


Fig. 11.— Old Southwark Bridge 
From an original print 1899, in the Guildhall Library 


in with gravel and carefully levelled for the caisson to 
rest on. Subsequently, there was erosion at the middle 
arches, varying from 3 ft. to 6 ft., exposing the foun- 
dations of some of the piers, the increased scour being 
attributed to the removal of old London Bridge and old 
Westminster Bridge. To protect the foundations, iron 
ore and other heavy material was placed around the piers, 
but because of the continued risk to the foundations, the 
inadequate width of the bridge for traffic and the diffi- 
culty of handling vessels owing to the small span of the 
arches, it was finally decided to build a new bridge. 
Parliamentary powers for building old Waterloo 
Bridge were obtained by a commercial company in 1809 


Fig. 12.—Old Hammersmith Bridge 
From a print in the L.C.C. Library 


and the first design, which was prepared by Mr. George 
Dodd, was not adopted and subsequently Mr. John 
Rennie, who had already built a number of important 
bridges, was appointed engineer. The bridge, which was 
built of granite, had nine elliptical arches of 120 ft. clear 
span with piers 20 ft. thick. Rennie decided to use 
cofferdams for building the piers and abutments as he 
considered that caissons as then used would not be 
satisfactory. The cofferdams consisted of three rows of 
timber sheet piles driven about 15 ft. to 20 ft. into the 


Majesty's Forces in conjunction with those of His 
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ground ; the piles were tied together, well braced an 
strutted and the spaces between the piles were filled with 
puddled clay. The foundations of the bridge consisted 
of timber piles carrying a timber raft which was formed 
by laying transverse timbers on top of the piles wit 
longitudinal timbers above. The spaces between the 
bottom timbers were filled with rubble and those betwee 
the top timbers with fitted blocks of stone. Over these 
was laid a 4 in. thick timber decking on which the bridge’ 
was built. The timber ribs forming the centering wer 
built on a platform on the shore and floated into position 
between the piers on a specially prepared barge. 

The work was started in 1811 and was first known as 
the Strand Bridge, but its name was changed to Waterloo 
Bridge by Act of Parliament in 1816 to commemorate 
“the brilliant and decisive victory achieved by His 


Allies.” The bridge was opened with great ceremony by 
the Prince Regent attended by the Duke of Wellington 
on June 18th, 1817. 


In 1880 an investigation showed that the undersides 
of the masonry of the piers instead of being about 5 ft.” 
below the river bed were from 1 ft. to 6 ft. above it and 
from 1882 to 1884 timber sheet piling was driven around 
each pier and concrete aprons provided at a cost of 
£63,000. . 


In 1923 it was observed that part of the bridge 


Fig. 13.—Old and New London Bridges * 


From an original print in the Guildhall Library ‘ 4 


near the Lambeth side of the river had subsided and | 
certain remedial measures were taken in the hope of — 
arresting further settlement, but conditions so deterior-_ 
ated that as a precautionary measure the bridge was © 
temporarily closed to traffic for several months from — 
May, 1924, when 1,400 tons of concrete and clay forming — 
the base of the roadway, together with the parapets over 
the damaged arches, were removed and in addition — 
timber supports were erected at arches Nos. 5 and 6, both ; 
of which were badly distorted owing to the relative 
settlements of the piers. At that time pier No. 5 had 
settled about 28 in. and the adjoining piers Nos. 4 and 6 — 
had settled about 6 in. and Io in. respectively. The 
spread of the footings was too large in proportion to the 
depth and considerable portions had broken away 
leaving a smaller area to carry the load, thus increasing — 
the intensity of pressure on the foundations. In order — 
that traffic might be maintained during the recon-— 
struction of the bridge a temporary bridge, with a 
carriageway 20 ft. wide and two footways each 7 ft. wide, — 
was built, being completed in August, 1925, at a cost 
of £164,000. 

Various schemes were devised for dealing with Rennie’ss Ss 3 
Bridge but after many years of fierce controversy the ‘ 
Council decided in 1934 to aay the old bridge audt 
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to build a new one with not more than five arches over carried on cast iron saddles resting on rollers at the towers 
the river and of a width sufficient to take six lines of and these were anchored at the abutments, The bridge 
vehicular traffic. Vere ees: + was too narrow and was considered unsafe for the in- 
_ The demolition of the old bridge and certain pre- creased traffic after it was freed from toll. 

/paratory works on the approaches cost £331,000. The present London Bridge, which followed the one 
‘ Old Southwark Bridge, designed by Rennie, was a built by Peter of Colechurch, is also of masonry. It isa 
cast-iron arch bridge of three spans, the centre span substantial structure of five elliptical arches, varying in 
being 240 ft. and each side span 210 ft. There were span from 152 ft. to 130 ft. and was the last Thames 


eight segmental ribs in each span, the depth varying bridge designed by the elder Rennie, who did not how- 


a Fig. 14. Hungerford Suspension Bridge 
From a print in the L.C.C. Library. 


- from 6 ft."at the crown to 8 ft. at the springings. Itwas. ever live long enough to prepare the detailed design. 
_a massive structure and the weight of the ironwork was’ — The completion of the design and the construction of the 
” 5,780 tons, whereas a modern bridge of the same size work was carried out by his son, Sir John Rennie. The 
' would require only about 2,000 tons of high tensile steel. bridge is supported on pile and raft foundations similar 
The bridge was supported on timber pile and raft to those used for old Waterloo Bridge, but the footings of 
foundations and the abutments and piers were built the piers are of more substantial construction. The 
inside timber cofferdams similar to those used for old cofferdams for the construction of the foundations were 
' Waterloo Bridge. The bridge was removed to provide a similar to those used for old Waterloo and old Southwark 

wider one with improved gradients. Bridges. Although the width of the bridge was con- 


sidered ample for future requirements, it was later found 
that the footways were not wide enough for the large 
number of pedestrians who used it, and between 1goz2 and 
1904 each footway was widened from g ft. 6 in. to 15 ft. 
by corbelling out the sides of the bridge. 


Hungerford Suspension Bridge, opened in 1845, was 
designed and built by Isambard Kingdom Brunel for 
pedestrian use and had a width of 14 ft. The total 
length was 1,362 ft. with a centre span of 676 ft. and two 
side spans of 343 ft. each. It had two suspension chains, 
one above the other, on each side of the bridge, and the 
saddles. on which the chains were carried rested on 
rollers working in oil. 

It had a brief life as it was removed about 1860 to make 
way for Charing Cross Railway Bridge which incor~ 
porated a cantilevered footway. The chains and other 
iron work were removed to Clifton for the completion of 
the suspension bridge over the river Avon, the piers of 
which had been built by Brunel. 

Old Chelsea Bridge was the property of the Govern- 
Fig. 15.—Old Chelsea Bridge ment until it was purchased by the Metropolitan Board 


of Works under the Metropolis Toll Bridges Act of 1877. 
Old Hammersmith Bridge, opened in 1827, was the The bridge was built of wrought iron with the exception 
first suspension bridge built over the Thames in London. of the towers which were of cast iron. Originally there 
It had three spans, the centre being 400 ft. and the side were two suspension chains on each side of the bridge, 

spans about 145 ft. each. The bridge had a timber deck but although an additional chain was added later to each 
which was supported by cast iron cross girders. The side, the load had to be limited to five tons per vehicle. 
__uspension chains were carried by two towers of masonry, The piers and abutments had timber pile foundations 
_ the same width as the bridge, but with an opening of only and were encased in cast iron in a somewhat similar 
14 ft, in each for both vehicular and pedestrian traffic. manner to that of the piers of the present Westminster 
There were eight wrought iron chains, which were Bridge. 
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Westminster Bridge has seven spans, each with 15 arch 
ribs, which are of cast-iron except for a length at the 
crowns where they are of wrought iron riveted sections. 
The ribs were made in a number of sections and bolted 


-together. The construction of the foundations is of 


considerable interest as the abutments and piers are 
supported on timber piles driven into the London clay 
and the piers are surrounded by cast-iron piles, 15 in. 
diameter, spaced about 5 ft. to 6 ft. apart, the spaces 
between being of ribbed cast-iron plates. Both piles and 
plates were driven into the clay. After the soft ground was 
removed from the area enclosed by the cast-iron, concrete 
was placed on the gravel which overlies the clay, to the top 
of the timber piles and the masonry built above. The 
foundations are further protected by a concrete apron 
extending from the clay to the top of the cast-iron piles. 


The abutments were built in a similar manner to the 
piers, but the cast-iron piles and plates were only used 
at the front and for a short length along each side. 
Westminster Bridge was owned by the Government until 
it was transferred to the Metropolitan Board of Works 
by the London Parks and Works Act in 1887. 


Old Lambeth Bridge, the superstructure of which was 
of wrought iron, was of the stiffened suspension type and 
had three equal spans, each of 268 ft. There were two 
groups of wrought iron cables on each side of the bridge, 
and these passed over towers at the piers and abutments 
to cast iron anchorage girders built in near the back of 
each abutment. The cross girders were riveted to two 
shallow longitudinal box girders, 2 ft. 3 in. deep by 
I ft. 6 in. wide, which were connected to the cables by 
vertical and diagonal members. Each river pier con- 
sisted of two cast iron cylinders, 12 ft. in diameter, con- 
structed of segments bolted together internally, the 
lower parts being filled with concrete and the upper parts 
lined with brickwork 3 ft. thick. The cylinders were 
sunk about 18 ft. below the river bed into the London 
clay. 


The bridge was opened in 1862, but 25 years later it 
was in such an unsatisfactory condition that Sir Benjamin 
Baker was asked to advise on the stability of the struc- 
ture. He reported, “ The design is such that the bridge 
cannot be considered a permanent structure, but with 
reasonable care it may be made to last another 30 years.” 
He also recommended certain remedial works which 
were carried out and the maximum weight of any 
vehicle using the bridge was limited to three tons. The 
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condition of the bridge may be surmised from the fa 
that two men were employed to watch the bridge and t 
close it if it seemed likely that a crowd would collect on 
it. In 1910 the bridge was closed to vehicular traffic, 
but was used by pedestrians until it was removed in 1929. 
The cost of the bridge, exclusive of approaches, was 
£35,000, and although it was economical in first cost it 
proved to be unsatisfactory in almost every other way. 
Blackfriars Bridge, opened in 1869, is a five span arch 
structure and was of wrought iron. Originally it had 
nine ribs to each span but when the bridge was widened 
by 30 ft. in 1907-1909 to accommodate tramways, 
additional ribs of steel were added. The foundation for 
each pier was formed by sinking six wrought iron 
caissons in free air, and for the widening of the bridge a 
steel caisson was sunk under compressed air for each pier 


extension. The bridge is 105 ft. between parapets and ~ 
is the widest over the Thames. y 

Albert Bridge is of an unusual type, and is unsatis- ~ 
factory structurally. It has been described as a combi- 
nation of the cantilever principle with suspension chains, ~ 
The centre span is 384 ft. g in. and the two side spans are © 
each 147 ft.2in. There are two towers at each pier, each ; 
tower being supported on a cast iron cylinder, sunk into — 
the London clay and filled with concrete. Each cylinder 
is 21 ft. diameter at the base and diminishes to 15 ft. near 
the river bed level. The main supporting system con- — 
sists of 32 ties which radiate from the tops of the towers © 
and connect to the webs of the stiffening girders, the ends — 
of which are anchored in cast iron pits, the radial ties 
being supported by vertical rods attached to the sus-— 
pension chains and stiffening girders. The towers and 
portals are of cast iron, the stiffening and cross girders of 
wrought iron and the deck of timber. The bridge was 
opened in 1873, and 12 years later the wire ropes, having 
become dangerous, were replaced by chains of steel links. | 
It has a five ton load limit and is scheduled for rebuilding - 
within the next ten years. | 

Old Wandsworth Bridge, built of wrought iron, was of — 
the continuous lattice girder type. The two main 
girders, 627 ft. long by 12 ft. deep, were supported on 
brick abutments and four piers, each of which consisted — 
of two wrought iron cylinders, 7 ft. 6 in. diameter, filled 
with concrete. The cylinders were carried well down 
into the London clay and an enlarged base 13 ft. 6 in. © 
in diameter was formed by excavating below the cylin- 
ders and filling with concrete. The load on the bridge — 
was limited to five tons per vehicle. «| 


Fig. 16.—Westminster Bridge 
| 
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Putney Bridge, built of granite, is the only masonry 
oridge that has been built since London Bridge. It has five 
segmental arches, the centre span being 144 ft. The 
method adopted for constructing the foundations of the 
piers is of interest, as a cofferdam of tongued and grooved 


‘timber piles was first driven around the site of each pier. 
After the water had been pumped out, three wrought 
/iron caissons were built up within each cofferdam and 
‘sunk in free air to an average depth of about 24 ft. 
‘below the river bed into the London clay. Each 
caisson was 30 ft. by 26 ft. and had a double skin of 
‘wrought iron, with a space between them of 3 ft. 6 in. 
‘which was filled with concrete before sinking. The 
‘abutments were built in cofferdams of tongued and 
grooved timber piles. In order to restrict the waterway 
as little as possible nine wrought iron centres were used 
for supporting the arch stones of each span during 
‘construction. 


| In the years 1931-1933 the bridge was increased in » 


width from 44 ft. to 74 ft. by widening on the down- 
stream side. The extension of each pier was con- 
structed on a steel caisson sunk under compressed air, 
while the extensions of the abutments were built in steel 
cofferdams. The whole of the granite facing was taken 
down and reused for the face of the widened portion. 
‘The arches for the widening were built on steel centres 
similar to those used for the construction of the original 
bridge, but the ends of the centres rested on sand jacks. 
An analysis of the stresses in the existing bridge was 
made by the elastic theory and it was found that the 
thickness of the arches could be reduced for the new 
work, for example, the thickness of the centre arch was 
reduced from 4 ft. 6 in. to 4 ft. at the crown and from 
8 ft. 8-in. to 8 ft. at the springings. The reduction in 
thickness of the five arches saved about 12,000 cubic 
feet of granite. 


Hammersmith Bridge is a suspension bridge with 
steel suspension chains supported on wrought iron 
wers encased in cast iron. The deck is of timber 
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supported on wrought iron cross girders. The piers and 
abutments of the old bridge below road level were in- 
corporated in the present structure, but the abutments 
were extended and the Surrey pier underpinned. It is 
only 19 ft. 9 in. wide at the towers and has a 15 ton load 


Fig. 17..-Old Lambeth Bridge 


limit and is scheduled for rebuilding in ten to twenty 
years’ time. 

Battersea Bridge is a five span structure with seven 
segmental cast iron ribs, 4 ft. deep, in each span, each rib 
being cast in five sections and connected together by 
bolts. The spandrel framing, bracings and deck plates 


Fig. 18.—Blackfriars Bridge 


are all of wrought iron. The greater part of the footways 
are carried by cantilevers which project beyond the outer 
ribs ; these cantilevers are covered by ornamental cast 
iron covings. The piers and abutments were founded in 
the London clay and were constructed in timber coffer- 
dams. 

Tower Bridge is the most easterly of all the bridges 
over the Thames, and although its architectural features 
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have received some criticism, I imagine it is to Londoners 
of to-day what Old London Bridge was to our fore- 
fathers. The bridge crosses the river at the world 
famous Pool of London and to avoid interference with 
sea-going shipping it was essential to provide an opening 
span. The bridge has three spans, the middle one is 
200 ft. between the towers and is a double leaf bascule 
operated by hydraulic machinery. The average length 
of time that road traffic is interrupted by the opening of 
the bridge is about five minutes. The two shore spans, 


Fig. 19.—Albert Bridge 


each 270 ft., are supported by~ suspension chains. 
Provision was made for pedestrians to cross above the 
opening span by two footways 141 ft. above high water 
level, but these are now closed to the public. The 
bridge is constructed of steel but the towers are encased 
with masonry. The two piers are larger than those of 
any bridge over the river Thames as they have to 
accommodate the rear ends of the opening leaves, etc. 
The foundation of each pier is 204 ft. 6 in. by roo ft. and 
was constructed by sinking 12 open caissons well into the 
London clay. After these had been sunk to the required 
level the clay was excavated a further 7 ft. and undercut 
5 ft. beyond the perimeter of the caissons. The arrange- 


Fig. 20.—Old Wandsworth Bridge 


ment and size of the caissons left a rectangular area, 
124 ft. 6 in. by 34 ft. in the interior of the pier, which was 
not excavated and filled with concrete until the outer 
portion of the pier had been built to above high water level. 

Vauxhall Bridge consists of five spans, the largest 
being 149 ft. 7 in. The piers and abutments were con- 
structed in whole-tide timber cofferdams of tongued and 
grooved piles, Three of the piers were constructed 
without undue difficulty, but the cofferdam of the fourth 
pier gave very great trouble almost from the beginning, 


_single steel caisson sunk under compressed air. The 
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and a succession of mishaps culminated in its partial 
collapse which greatly delayed the commencement of the 
work on the superstructure. The superstructure is 
built of steel and each span has 13 two-pinned plated arch 
ribs. The ribs of the shore spans were erected on stag- 
ings, but as the other three spans had to be kept open for 
river traffic the three central ribs of these spans were 
successively erected, complete with bracings, on 4 
pontoon and floated into position on the hinges prepared 
for them. The remaining ribs in these three spans were 


then erected in sections on timber beams attached to the 
bottom flanges of the ribs already in position. 9 

Southwark Bridge is a steel bridge of five spans, each 
span having seven arched ribs. Half of each footway 
and the parapet are supported on cantilevers carried 
above the ribs. Each of the four piers is founded on a 


caissons had parallel sides and semicircular ends, the two 
larger being 102 ft. by 30 ft. Temporary caissons were 
built above the permanent ones to enable the piers to be 
built in the dry during sinking. 

Lambeth Bridge has five spans, each with nine two 
pinned steel arched ribs with segmental soffits.. The 
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seven inner ribs are spandrel braced at the haunches 
while the parts at the crown are fully plated. The two 
outer ribs are fully plated throughout their length. The 
ribs for the shore spans were erected on temporary 
timber stagings, but as the centre and two intermediate 
spans could not be closed completely to river traffic, the 
haunch sections of the ribs in these spans were built on 
timber stagings near the piers and the centre sections 
were brought to the site in a specially fitted barge, an 
lifted into position by cranes. After the ribs had bee 
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given their exact fabricated form and riveted up, the 
span of each rib was shortened by half an inch in order to 
reduce the possible tensile stress in the bottom flange. 
This made an allowance for any increase of stress should 
the abutments yield slightly under the horizontal thrust 
which amounted to over 3,000 tons. In the case of the 
tibs of the intermediate and centre spans the shortening 
"was Carried out by jacking from one end of the ribs, but 
for the shore spans the crowns of the ribs were jacked up 
from the river stagings and packings of appropriate 
‘thickness for the-half inch shortening were inserted 


L 


Fig. 21.—Putney Bridge 


between the hinges and the skewbacks.. The abutments 
were constructed in cofferdams of steel sheet piles and 
timber frames. A single rectangular steel caisson, 
108 ft, 1? in. by 37 ft. of in., was sunk under compressed 
air to an average depth of 27 ft. below the bed of the 
tiver to form the foundation of each pier. The tem- 
porary caissons were built of steel troughing in two tiers 
and the frames consisted of steel walings and timber 
‘struts. The weight of each caisson, etc., during sinking 
amounted to 3,100 tons. 

| Chelsea Bridge is a three span suspension bridge of the 
‘self-anchoring type. Unlike the old bridge it is almost 
free from ornamentation and is typical of the present day 
trend to obtain a satisfactory appearance without 
embellishments. The two suspension cables are each 
‘composed of 37 wire ropes of about 1 in. diameter, 
i 
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178 ft. 6 in. each between bearings. The shore spans 
form the anchor arms of the girders and the centre span 
consists of two cantilever arms of 90 ft. each and a 
suspended span of 120 ft. The bridge has seven main 
girders, the anchor and cantilever arms of the five inner 
girders being of lattice type, while those of the two 
outer girders and all the girders of the suspended span 
are of plate girder construction. High tensile steel was 
used for most of the superstructure. The abutments 


and piers were constructed in steel sheet pile cofferdams 


with one frame of reinforced concrete and the remainder 


Fig. 22.— Hammersmith Bridge 


‘of fabricated steelwork. The reinforced concrete frames 
were subsequently built into the concrete foundations. 
The anchor and cantilever arms of the girders were built 
out in both directions from the piers. The suspended 
span girders were each placed in position in one piece, the 
first two being lifted into position from a barge and the 
remainder lowered into position from the partially 
constructed deck. 

Waterloo Bridge is the only one of reinforced concrete 
over the Thames in the County of London. The proposal 


t Fig. 23.— Battersea Bridge 
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grouped together in hexagonal shape. They are 
anchored to the ends of the stiffening girders and fixed to 
the tops of the towers. There are no portal bracings 
between the towers which are provided with hinged 
bearings at the bases, to allow for any: necessary move- 
ment. The piers and abutments were constructed in 
pte! sheet, pile cofferdams with the upper frames of steel 
and the lower ones of reinforced concrete, the latter 
being incorporated in the foundations, ; 

- Wandsworth Bridge is of the deck cantilever type with 
iree spans, the centre being 300 ft, and the shore spans 


to-demolish the old bridge undoubtedly caused great 
concern to the many admirers of Rennie’s work, but the 
new one is a graceful successor to the one it replaced. It 
provides improved facilities for navigation and an 
adequate width for road traffic. It has five spans, part 
of the northern shore span being over the Victoria 
Embankment, and the new South Bank river wall has 
since been built to pass under the southern shore span. 
The girders and the tops of the piers are faced with 
Portland stone to harmonise with the buildings on the 
north bank, The superstructure is composed of two box 
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girders joined by cross"girders and the decking slab. The 
girders are continuous over two spans with cantilever 
ends in each half of the bridge and there is a suspended 
section in the centre span. The depth of the girders was 
kept as shallow as possible to provide the maximum 
headroom for shipping, and to obtain this result a high 
percentage of welded reinforcement was used. The 
superstructure is supported on reinforced concrete 
bearing walls, 2 ft. 3 in. thick, inside reinforced concrete 
shells which form the apparent piers and abutments, and 
protect the bearing walls from damage. The piers and 


The Structural Engineer 
and although continued later, it was finally deemed to be 
impracticable and abandoned. The first tunnel to be 
completed under the River Thames was constructed by 
Brunel between Rotherhithe and Wapping. The work 
began in 1825 but the tunnel was not opened until 1843 ; 
it was rectangular in section, 37 ft. 6 in. in width and 
22 ft. 3 in. in height, and was divided into two sections by 
acentral wall. it was for this work that Brunel invented 
the shield and used it for the first time. It differed from. 
shields used later, as it was constructed of a number of 

separate sections, each of which could be moved forward _ 
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Fig. 24.—-Tower Bridge 


abutments were constructed in steel sheet pile cofferdams 
with steel frames. The lower part of the sheet piling 
was left in the ground and in order to prevent relative 
settlement, reinforcement and dowel bars in the foun- 
dation block were welded to the piles. 


Tunnels 
Although tunnels have been constructed since the 
earliest times for dwellings, tombs, mining, water 
supplies, etc., their construction for the crossing of rivers 
is comparatively modern. The modern system of sub- 
aqueous tunnelling is undoubtedly due to the invention of 


Fig. 25.—Vauxhall Bridge 


the tunnel shield by Marc Isambard Brunel in 1818, and 
the use of compressed air working patented by Lord 
Cochrane in 1830. As early as 1798 there was a proposal 
for a tunnel under the River Thames at Gravesend, but 
this was abandoned. An attempt was next made in 1804 
to construct a tunnel from Rotherhithe to Limehouse 
when a shaft was sunk and a heading over 1,000 ft. 
in length driven under the river; the ‘difficulties 
encountered were so great that the work was suspended, 


independently of the others. There was considerable 
trouble from water which broke into the tunnei on 
several occasions and the work was suspended for lack of 
funds from 1828 until 1835 when the Government 
advanced money for the work to be continued with an 
improved shield. The tunnel was opened in 1843 ; 
financially it was a failure, and in 1865 was sold to the 
East London Railway Company and is still in use, form- 
ing part of the Underground Railway between White- 
chapel and New Cross. The construction of the tunnel 
was an outstanding engineering achievement of the 
nineteenth century, and that it was completed succesaa 
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fully is a tribute to the skill and indomitable courage 
its builder. 

The Tower Subway, constructed in 1869, was the n 
tunnel to be driven under the Thames. It was o 
6 ft. 7 in. internal diameter and was constructed in th 
London clay by the aid of a circular shield which 
forced forward by six screw jacks. The tunnel w; 
intended for the conveyance of passengers by a carria 
accommodating 12 people, drawn by a wire rope 
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hauled by a steam engine of 4 h.p, in each shaft, The 
scheme was not a financial success and the tunnel was 
adapted for foot passengers, but was closed in 1899 and is 
now used to carry water mains, 

In 1867 a tunnel’ was proposed between Waterloo and 
Whitehall for a pneumatic railway and is of interest on 
account of some similarity to certain modern American 


Fig. 26.—-Southwark Bridge 


practice, It was proposed to lay ro ft, internal diameter 
tube in four lengths, each 235 ft. long, in a trench 
dredged in the river bed and it was intended that the end 
of each length should be supported on a pier formed by a 
cylinder, 21 ft. in diameter, sunk about 70 ft. below high 
water. The two piers nearest the south bank had been 
sunk and the bed of the river dredged for the first length 
of tube, but the work was discontinued owing to economic 
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grown up on each side of, the river, together with the 
growth of the Port of London, all drew attention to the 
urgent need for further facilities for cross river traffic in 
this area, As interference with river traffic had to be 
avoided, proposals were considered for tunnels, high 
level bridges and low level bridges with opening spans. 


Fig. 28..-Chelsea Bridge 


The demand for additional river crossings continued fot 
some 20 years, and to meet this demand Woolwich Ferry 
was opened in 1889, Tower Bridge in 1894, Blackwall 
Tunnel in 1897, Greenwich Footway Tunnel in rgoa, 
Rotherhithe Tunnel in r908 and Woolwich Footway 
Tunnel in tora. 


BLACKWALL TUNNEI 

The importance of this tunnel for cross river traffic is 
apparent when it is realised that the population to the 
East. of London Bridge exceeded 1,500,000, and that 
prior to its construction there was no free crossing of the 
river between Tower Bridge and. Woolwich Ferry, a 
distance of nearly nine miles, 

The Act authorising the construction of the tunnel was 
passed in 1887 and the work began in 1892. The 


Fig. 27..-Lambeth Bridge 


conditions and it is believed that the cylinders were 
removed. 
In the latter half of the last century the immense 
owth of the districts below London Bridge and the 
importance and extent of the businesses which had 
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Metropolitan Board of Works had proposed three 
tunnels, two for vehicular traffic and one for foot 
passengers, and tenders for the footway tunnel had been 
obtained, but the London County Council, who replaced 
the Metropolitan Board of Works, decided that a 
vehicular tunnel should be built instead of the footway 
tunnel, and the latter was not commenced, Sir Alexander 
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R. Binnie, at that time the Chief Engineer of the Council, 
who was responsible for the design and construction of 
the tunnel, records that great doubt was thrown upon the 
possibility of the scheme being successful, and it was held 
to be impossible by some of the leaders in the engineering 
profession, who no doubt had in mind the difficulties 
encountered by Brunel. Sir Benjamin Baker visited 
America on behalf of the Council to inspect the Hudson 
and Sarnia Tunnels which were then under construction. 


The Structural Engineer 


“many years for the cart traffic which then used it, but 


ventilating fans in the shafts have since been provided. 
The tunnel was driven within 5 ft. of the river bed for 
part of its length and as the intervening material con- 
sisted of coarse gravel it was decided to deposit from 
barges a layer of clay about 150 ft. wide to a maximum 
depth of ro ft. in an endeavour to prevent the bed of the 
river from being blown up by the compressed air. On 
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Fig. 29.—Wandsworth Bridge 


The external diameters of which were 20 ft. and ar ft. 
respectively. He subsequently reported that he con- 
sidered a tunnel to accommodate two lines of vehicular 
traffic could be constructed. 

The tunnel, with approaches, is almost 1} miles in 
length, of which about one half, including the part under 
the river was constructed of cast iron with the aid of a 
shield and compressed air, the remainder consisting of 


poured into the tunnel toa depth of about 8 ft., fortunately 
without injury to the men. The shield, which was 
specially designed for the work, was constructed of steel 
and weighed 250 tons and was driven forward by means 
of hydraulic rams which exerted a force of over 5,000 
tons. 
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two occasions, however, holes were blown and water 


It is interesting to note that there was no public” 
supply of electricity available when the tunnel was” 


Fig. 30.—Waterloo Bridge 


cut and cover portions and open approaches. The 
tunnel is composed of cast iron segments, 2 ft. 6 in. wide, 
bolted together, filled with concrete and lined with 
glazed tiles. The external diameter of the tunnel is 
27 ft., and accommodates a carriageway 16 ft. wide and 
two footways, each 3 ft. 14 in. There are two shafts of 
58 ft. external diameter on each side of the river and the 
natural ventilation from these shafts was sufficient for 


completed so a generating station was built to supply the 
electricity at a cost of £30,000. 

The whole of the work took a little over five years to 
complete, including one year for ancillary works, the 
under river portion being constructed in one year. The 
tunnel was the largest of its type at that time and the 
construction was undoubtedly carried out with great 
skill and resourcefulness. The cost of the work, 
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icluding £355,000 for property, was £1,320,000. It was 
pened to the public in 1897 and was at that time 
idequate for the cart traffic of the day, but the sharp 
vends at the shafts, the narrow roadway and the limited 
‘eadroom made it totally inadequate for modern two- 
vay traffic which amounts to over 10,000 vehicles a day. 
Parliamentary powers were obtained in 1938 for the 
luplication of the tunnel and the designs were well 
vanced, but owing to the war and the conditions 
brevailing since, the work has been postponed, but is 
eluded in the first period, 1952-1961, of the County of 
-ondon Development Plan, 1951. The proposed tunnel 


is designed for an external diameter of 30 ft. 6 in. with 
provision for a 20 ft. carriageway with 16 ft. minimum 
headroom. It will have no sharp bends, the smallest 
curve having a radius of goo ft. To comply with the 
Act, it will be about ro ft. lower than the old one, to 
allow the Port of London Authority to deepen the river if 
required in the future. When the new tunnel is com- 
pleted it will be used for south-bound traffic and the old 
one for north-bound. 

GREENWICH FooTWAY TUNNEL 

' Ferries had for many years been in existence between 
the Isle of Dogs and Greenwich but the service was con- 
‘sidered inadequate and in 1897 an Act was passed 
authorising the construction of a subway for pedestrians. 
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Fig. 32.—Blackwall Tunnel— 
Cross Section 
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river, connected by a cast iron tunnel 1,217 ft. in length, 
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having an external diameter of 12 ft. g in. and providing 
a footway 8 ft. 83 in. wide. The tunnel was constructed 
by the aid of a shield and compressed air without undue 
difficulty. The shafts have an external diameter of 
43 ft. and each contains a spiral staircase and an electric 
jift. The total cost of the work, including £58,000 for 
the acquisition of property and compensation to water- 
‘men, was £180,000. The work was carried out under the 
direction of Sir Alexander R. Binnie, at that time the 
Chief Engineer of the London County Council. 


ROTHERHITHE TUNNEL Bik 
_ In 1892 it was proposed to provide a ferry near the site 
of the present tunnel, but owing to the opposition of the 
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Thames Conservancy Board, this project was abandoned, 
and an Act authorising the construction of the tunnel was 
obtained in 1900 and work commenced in 1g04. The 
total length is 6,883 ft. of which 2,020 ft. is in open 
approach, 1,122 ft. cut and cover and the remaining 
3,740 ft. is tunnel lined with cast iron having an external 
diameter of 30 ft. and providing a carriageway 16 ft. wide 
with two footways each 4 ft. 84 in. wide. The tunnel 
lining is similar to that used at Blackwall and there are 
also two shafts on each side of the river. 

The tunnel was driven under compressed air, with the 
aid of two shields, each weighing 380 tons and the 


“The work consists of two shafts, one on each side of the © 


GREENWICH SHAFT SHAFT SHAFT SHAFT POPLAR 
No.4, No.3. No.2. No.l. 
| OPEN APPROACH | CUT & COVER | ' CAST IRON TUNNEL ; ! | CUT & Sita APPROACH 
{ ' ' COVER 
| 862 FT. 946 FT. t 3095 FT. ' icky 429 FT. 785 FT. 
t ’ | 
| | | 6117 FEET \ 
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Fig. 31.—Blackwall Tunnel—Longitudinal Section 


hydraulic rams could exert a force of 6,000 tons to force 
each shield forward. It is only about 7 ft. below the bed 
of the river, but the Thames Conservancy Board were 
unable in this case to allow clay to be placed on the river 
bed. The work was carried out with the utmost care and 
every precaution was taken to safeguard the men in 
event of the river bed being blown up. Fortunately 
there was clay above the tunnel and the river did not at 
any time break in. In order to obtain the fullest 
information about the strata, the contractors drove a 
pilot tunnel of 12 ft. 6 in. diameter across the river in 
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Fig. 33.—Proposed Blackwall Tunnel— 
Cross Section 


advance of the main tunnel. This tunnel was lined with 
cast iron and the top was about 2 ft. below that of the 
main tunnel. No provision was made for artificial 
ventilation as at that time the natural ventilation was 
considered sufficient, but ventilating fans in the shafts 
have since been added. The contract time for the work 
was five and a half years but it was completed in just over 
four years, the under river portion being completed in 
nine months. The cost of the tunnel, including £517,000 
for property, was £1,650,000. 


WooLwicH Footway TUNNEL 


On many occasions the ferry service had to be sus- 
pended owing to fog, causing great inconvenience to the 
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public, and to supplement it, a footway tunnel was con- 
structed under the river, Parliamentary authority being 
obtained in 1909. The design of the tunnel closely 
resembles that of Greenwich Footway Tunnel, but is 
1,655 ft. long. The cost of the work was £86,000, the 
cost of property, etc., being only £550. 

Rotherhithe Tunnel and Woolwich Footway Tunnel 
were carried out under the supervision of Sir Maurice 
Fitzmaurice, at that time the Chief Engineer of the 
London County Council. 


Embankments 


The River Thames passed through many low-lying 
areas which are liable to be flooded at high water in the 
event of the failure of the embankments. Within the 
County of London there are about ten square miles below 
Trinity High Water mark and about 22 square miles 
below a level of 16 ft. 9 in. above Ordance Datum 
(Newlyn). 

There are records Aiadine over many centuries of the 
Thames overflowing and causing great hardship and loss 
of property. The highest tide recorded occurred on 
6/7th January, 1928, and exceeded the previous highest 
tide, recorded in 1881, by as much asirin. The actual 
height of the tide at London Bridge in 1928 was 5 ft. ro in. 
above the predicted height and serious flooding occurred 
at many places, unfortunately with loss of life. Except- 
ionally high tides are caused by surges set up or pro- 
pagated into the North Sea, but the height of the tide in 
the County of London is dependent upon the magnitude 
of the surge arriving at Southend and its relation to the 
time of high water of a spring tide and the volume of the 
upland discharge. It is of interest to recall that in 1717 
the river fell so low that people were able to walk across it. 

The London County Council under the Thames River 
(Prevention of Floods) Acts, 1879-1929 are responsible 
for exercising general supervision of all river banks 
within the County, but it is the duty of the riparian 
owners to provide and maintain the flood defence works. 

As a result of the flooding in 1928 a conference was 
summoned at the instance of the Prime Minister to 
review the situation and in March, 1930, the Council 
decided that the flood protection works within the 
County should be raised to a level of 17.00 ft. above 
Ordance Datum (Newlyn) at the eastern boundary of the 
County rising by steps to 18.17 ft. above Ordance Datum 
(Newlyn) at the western boundary. 

A system of flood warnings has been devised whereby 
the public are notified by the police when the tide 
reaches a danger level which would affect a prescribed 
district. Automatic alarm apparatus has been installed 
at a number of places including Southend and Erith and 
gives warning in adequate time for the necessary action 
to be taken within the County. 


Some of the embankments which now confine the 
tidal portion of the Thames and protect the low lying 
areas are of ancient date and we can only surmise on the 
period in which they were built. The forms of con- 
struction were many and varied. Many attempts have 
been made in the past to improve the banks of the river 
within the County and Sir Christopher Wren proposed an 
embankment on the north side in connection with his 
plans for rebuilding London after the great fire in 1666, 
and an Act was passed to prevent any building within 
forty feet of the river from London Bridge to the Temple. 
This open space was afterwards known as the Forty-Foot 
Way, but numerous encroachments were made from time 
to time and the Act was repealed in 1821. 


In the last century many proposals for embanking both 
sides of the river and reclaiming the large areas occupied 


-~ by the mud banks were made, andmany Gaacned lengt 
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of embankment wall were built, but of those built during 
the last century I shall only refer to the three importani 
lengths of wall built by Sir Joseph Bazalgette betweer 
1864 and 1874. The combined lengths of these embank- 
ments exceed 22 miles and the building of these, te 
gether with ancillary works, constituted one of the most 
important improvements of London and its river and 
have added to the dignity of the capital and to the 
pleasure of its people. A 


VICTORIA EMBANKMENT ; ‘ 


In 1847 it was made compulsory to drain houses inte 
sewers and these discharged their contents into the 
Thames at about low water level. At the wider parts of 
the river there were mud banks of large extent and these 
became so polluted with sewage that the state of the river 
was a cause of great anxiety and in 1856 an Act was 
passed authorising the construction of intercepting 
sewers for preventing the sewage going into the Thames 
near the metropolis. The construction of one of these 
sewers under the Strand would have caused great in- 
convenience to traffic and consideration was given to 
laying the sewer along the foreshore of the river. 
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Fig. 34.— Victoria Embankment Wall . 
A Select Committee, appointed in 1860 to consider the 
best means of providing for the increasing traffic of the 
metropolis by the embankment of the Thames reported, 
‘‘ The embankment of the north side of the Thames from 
Westminster Bridge, to or nearly to Southwark Bridge, 
would afford a desirable mode of improving the banks and 
the bed of the river and facilitate the construction of the 
low level sewer along the foreshore ; while a roadway on 
the embankment would greatly relieve the crowded 
thoroughfares.” i) 


The Parliamentary Powers obtained in 1862 authorised 
the Metropolitan Board of Works to construct a solid 
embankment and roadway 100 ft. in width from West- 
minster Bridge to Temple Gardens, the remainder of 
roadway to Blackfriars Bridge to be 70 ft. in width 
carried on_arches to allow the river to flow-to | 
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adjoining wharves. Subsequently, however, in connection 
with the construction of the Metropolitan District Rail- 
way, powers were obtained to construct the solid em- 
bankment with a roadway 100 ft. in width for the whole 
length of the work. The embankment extends from 
Westminster Bridge to Blackfriars Bridge and is about 
1z miles in length. The area of land reclaimed from the 
river was 374 acres of which Ig acres were used for the 
roadway and eight acres for public gardens. The 
reduction in the width of the river was considerable and 
near the present Charing Cross Bridge it was reduced 
from 1,480 ft. to about 1,040 ft. The wall, founded 
about 14 ft. below the bed of the river, incorporates the 
Northern Low Level Sewer and a subway for gas, water, 
etc., and is constructed of brickwork and concrete faced 
with granite. Whole tide dams or cofferdams were used 
throughout the work and were carried down into the 
London clay. For the greater part of the length 
extending from Westminster Bridge to just beyond 
Waterloo Bridge a novel form of construction was 
adopted for the dams, which were formed: of oval 
wrought iron caissons, 12 ft. 6 in. long by 7 ft. wide with 
a cast iron cutting edge. The caissons were sunk close 
together in the front of the wall, with or without the use 
of compressed air, with their longer axes parallel to the 
river. Watertight joints were provided at the junctions 
of the caissons, the lower parts of which were filled with 
concrete, and incorporated in the toe of the wall. Down- 
stream of Waterloo Bridge the greater part of the wall 
was built behind dams consisting of two rows of timber 
piles, spaced 6 ft. apart, which were driven into the 
London clay and extended above high water level. The 
ground between them was excavated down to the clay 
and the space to the top of the piles was then filled in 
with puddled clay. The remainder of the wall was built 
in cotferdams, the sides of which. were of similar con- 
struction to that of the dams. 

_ The work was divided into three contracts and was 
‘started in 1864 and opened to the public in 1870; a 
remarkably short time when the extent of the work, the 
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Fig. 35.— Albert Embankment 
river Wall 


idered. The gross cost of the embankment and an- 
cillary work, including property was £1,552,000. 

ALBERT EMBANKMENT 

_ The Albert Embankment, which was completed in 
868, is on the South Side of the river between West- 
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plant available and the types of dam used, are con- 
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“minster Bridge and Vauxhall. It is 4,300 ft. in length 
‘and during its construction 9} acres of land were re- 


claimed from the river, although, upstream of Lambeth 
Bridge, part of the river was increased 120 ft. in width. 
A 20 ft. promenade and part of St. Thomas’s Hospital 


‘ were built on the reclaimed land. The wall, constructed 


of concrete and brickwork faced with granite, was built 
in a whole tide timber cofferdam for over half of its 
length. Of the remainder, part was constructed behind 
a-dam consisting of a single row of timber piles, and 
where the river was widened, the wall was built in trench. 
The work took about 2? years to complete and the gross 
cost was {1,154,000. 


CHELSEA EMBANKMENT 


This embankment, completed in 1874, is situated on 
the north side of the river between Chelsea Bridge and 
Battersea Bridge and is 4,130 ft. in length, and, as in the 
case of the Victoria Embankment, its construction 
facilitated the laying of the Low Level Sewer. There 
was not a suitable road near the river in which the sewer 
could be laid and as the cost of constructing the sewer 
under the foreshore behind a dam would have been 
expensive, it was decided to build an embankment and a 
roadway in which the sewer could be laid. The wall 
which is constructed of concrete faced with granite was 
built in a half tide timber dam. A much smaller cross 
section was used for this wall as there was a good 
foundation a few feet below the bed of the river. The 
land reclaimed from the river was 94 acres in extent and 
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Fig. 36.— South Bank River Wall 


was used chiefly for the construction of a roadway 70 ft. 
wide. The gross cost of the work, which took nearly 
three years to complete, was £349,000. 


The South Bank of the River Thames 


County HALyt RIVER WALL 


For many years there was a marked contrast between 
the north and south banks of the river between West- 
minster and Blackfriars Bridges, and the construction of 
the Victoria Embankment and the imposing buildings on 
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‘the north side accentuated the mean appearance of the 
south. The London County Council had for many years 
wished to improve the south bank and it was partly for 
this reason that County Hall was built there. In order 
to provide a suitable frontage to the building a new 


river wall was built as a continuation of Albert Em-: 


bankment and 24 acres of land was reclaimed from the 
river. The wall, 1,015 ft. long, is of concrete faced 
with granite and was built in three sections, the first 
“being completed in 1910 and the last in 1931. It 
is founded on London clay and the greater part was 
built ‘behind a dam consisting of a row of tongued and 
grooved piles, but the last section was constructed in a 
steel sheet pile cofferdam. The foundation of the wall 
is 6 ft. lower than the south abutment of Westminster 
Bridge, which is built on timber piles and to avoid 
damage to it a row of steel sheet piling was first driven to 
protect the abutment foundations and a steel caisson was 
sunk under compressed air to form the foundation of the 
first 47 ft. of the wall. The cost of the wall was £117,000. 
The first and larger section of the work was carried out 
under the supervision of Sir Maurice Fitzmaurice, then 
the Chief Engineer of the London County Council. 


During the excavation for the foundations of County 
Hall, the remains of a Roman boat were discovered 
together with coins of the first and third centuries. and 
various British and Roman objects. The boat is now in 
the London Museum, 


SouTH BANK RIVER WALL 


The London County Council had obtained Parlia- 
mentary powers in 1939 to extend the river wall to 
Waterloo Bridge and to acquire lands for the improve- 
ment of the area, but owing to the war and the conditions 
prevailing afterwards, it was not until 1948 that it was 
possible to proceed with the work in connection with the 
proposal to hold the Central Exhibition of the Festival of 
Britain at the South Bank. In the meantime, the 
appearance of the area had deteriorated further owing to 
bomb damage and the storing of material from de- 
molished air raid shelters and buildings. 


The wall, which extends from County Hall to Waterloo 
Bridge, is about 1,700 ft. in length and during its con- 
struction about 44 acres of land were reclaimed. Under 
the river deposits there was a bed of ballast overlying the 


Gnd ee the ballast varying in thickness oR $f 
near County Hall to 20 ft. by Waterloo Bridge. 

first 360 ft. of the wall was founded on clay, about 20 1 ft 
below, the river bed, at a level of — 26.00 N.D. but th 
remainder was founded on the ballast at levels varying from a 
— 12.00 N.D. to— 18.00 N.D. The wall consists of ma 
concrete faced with granite and was built in whole id 
cofferdams, formed of steel sheet piling with stee 
walings and timber struts. The steel piles were drive 
well into the London clay and when the cofferdams wer 
removed the front piles were cut at the toe of the wal 
and the lower portion left in the ground. Many of the 
old river walls have cracked as the result of therma 
movements and in order to reduce cracking, keyet 
expansion joints were formed 180 ft. apart and old rails 
were incorporated in the wall. The work was com 

- menced at the end of the County Hall river wall and 

carried out in short sections. The material from thi 
demolished air raid shelters, etc., was used for fillin 
behind the wall and was a most satisfactory material fo 
the purpose, and bulldozers were used to place and com: 
pact it in thin layers. 


The work, which took 21 months to carry out, was 
completed in 1950 at a cost of about £400,000. The 
works were carried out under the supervision of tht 
Chief Engineer of the London County Council, Mr. Je 
Rawlinson, M.Eng.,; M.I.C.E., and Mr. Robert Hf 
Matthew, A,R.I: =. A., advised on the architecture 
treatment. 


I cannot conclude my address without expressing mj 
admiration for all those concerned with these works, the 
engineers, the craftsmen and workmen. Many of the 
works were carried out under dangerous and- difficult 
conditions, but by skill, courage and perseverance they 
were completed and have contributed to the greatnes S 
of London. 
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APPENDIX B 
| Length Width 
Bridge o atts _ Engineer Architect Type of Bridge ees e eo | between between 
P 8 P P Abutments Parapet 
London Date of | | ‘ 
Several Bridges of | first not 
Timber definitely 
known | 
Old London 1209 Peter of Masonry Arch 20, | 931 ft. a 
Colechurch | | ’ 
i 
Old Putney 1729 Sir Jacob . Timber PASTS aie boas BES Gia 0) 764 ft. . | 22 ft. 6 
Ackworth | 32 ft. 
Old Westminster 1750 Mr. Charles Masonry Arch | 15 25 ft. to 1220 ft. 44 ft. Z 
Labelye 76 ft. 
gid 
Old Blackfriars 1769 Mr. Robert Masonry Arch 9 70 ft. to 935 ft. , 42-t0 
Mylne 100 ft. ae 
Old Battersea 1772 Mr. Holland Timber 19 15 ft.6in. | 734 ft. 24 ft. 
| to 32 ft. | Sed ys. 
Old Vauxhall 1816 Mr. James Cast Iron Arch 9 “Sit. | 809 ft. | 36 ft. 
Walker - fy eae ie. 
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APPENDIX—continued 
PANE Date ot 4 oe af Length Width 
Bridge - | Opening Engineer Architect Type of Bridge Aponete Lat between between 
’ Abutments | Parapets 
Old Waterloo | 1817 Mr. John Masonry Arch 9 120 ft. 1240 ft. | 42 ft. 6in. 
ae Rennie | 
| Old Southwark 1819 Mr. John Cast Iron Arch 3 210 ft. and 708 ft. 42 ft. 6 in. 
Rennie 240 ft. 
| Old Hammersmith 1827 | Mr. W. Tierney Wrought Iron 3 400 ft., 734 ft. 25 ft. roin 
ae ae Clarke Suspension 145 ft. 6 in. 
: | and 
142 ft. O in. 
London 1831 Mr. John Masonry Arch 5 130 ft. to 782 ft. 65 ft. 
Rennie | 152 ft. 
| 
Old Chelsea 1858 Mr. Thomas | Wrought and Cast 3 333 ft. and | 703 ft. 2 in. | 47 ft. 3 in. 
, Page Tron Suspension 165 ft. 
piestmiinster 1862 Mr. Thomas Wrought Iron and i 94 ft. 4 in. | 8ro ft. 7 in. | 84 ft. 34in 
i Page Cast Iron Arch to 120 ft. 
“Old Maen beth 1862." Mr. P. W. Wrought Iron 3 268 ft. 828 ft. 31 ft. gin. 
: Barlow | Stiffened Suspension 
‘Blackfriars 1869 Sir Joseph Wrought Iron and 5 155 ft. to 922 ft. 6 in. 75 ft. 
Cubitt Steel Arch 185 ft. Widened 
4 in 1909 to 
bi 105 ft. 
Albert 1873 Mr. R. M, Wrought Iron 3 384 ft. 9 in. | 709 ft. 1 in. | 41 ft. 4hin 
ae Ordish Suspension on the and 
“g Ordish-Lefeuvre 147 ft. 2 in. 
rs System 
Ola Wandsworth LOZ Mr. R. M. Wrought Iron 5 106 ft. 620 ft, 29 ft. 9 in. 
al Ordish Continuous and 
i Lattice Girder 126 ft. 
a 
Putney 1886 Sir Joseph Masonry Arch 5 112 ft. to 700 ft. 44 ft. 
ie Bazelgette 144 ft. Widened 
A in 1933 to 
z 74 ft. 
- Hammersmith 1887 Sir Joseph Wrought Iron and 3 400 ft. 6in.,| 734 ft. |42ft. 10in 
e Bazelgette Steel Suspension 146 ft. o in. 
rs and 
g, 143 ft. 6 in. 
| 1890 Sir: Joseph Cast Iron Arch 5 113 ft. 3 in. | 725 ft. 6 in. | go ft. 3 in. 
Hy pie Bazelgette to 
Be: 1O3\ft, 2 in. 
Tower 1894 Sir John Sir Horace Steel Two Leaf Bas- 3 Opening 880 ft. Opening 
e Wolfe-Barry Jones cule and Suspended 200 ft. 50 ft. 
ae Side Spans Side 270 it. Side 60 ft. 
vauxhall 1906 Sir Maurice Mr. W. E. Steel Arch 5 130 ft. 6 in. 760 ft. 8o ft. 
2 Fitzmaurice Riley to 
f 149 ft. 7 in. 
Southwark 1922 Sir Basil Mott Sir Ernest Steel Arch 5 126 ft. to | 708 ft. 6 in. 55 ft. 
4 George, R.A. 136 ft. 
Bhamsbeth 1932 Sir George Sir Reginald Steel Arch 5 125 ft. 2 in. 776 it. 60 ft. 
{ Humphreys | Blomfield, R.A. 165 ft. 
q hélsea 1937 Messrs. Rendel, Messrs. G. Steel Self Anchored 3 332 ft. and 698 ft. 82 ft. 
ey Palmer and Topham Forrest Suspension 163 ft. 
“ Tritton and 
E. P. Wheeler 
Wandsworth 1940 Sir T. Peirson | Messrs. E. P. Steel Cantilever 3 165 ft. and 646 ft. 60 ft. 6 in. 
; Frank Wheeler and 284 ft. 
3 F. R. Hiorns 
Waterloo Partial | Messrs. Rendel, Sir Giles Reinforced Concrete 5 232: 20nt: 1236 ft: | 79 ft. 9 in. 
Bais Fe use 1942 Palmer and Gilbert Continuous Girders and 
Complete Tritton in Scott with Cantilevers and 238.7 ft. 


1944 


association with 
Sir T. Peirson 
Frank 


O.M., R.A. 


Suspended Span 
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Prestressed Concrete Bridges 


By Donovan H. Lee, B.Sc.(Eng.), M.I.C.E., M.I.Mech.E., M.L.Struct.E.(Member of Council) 


The structures described in this paper are in the main 
prestressed on a system utilising high tensile alloy steel 
bars with specially threaded ends and nuts. 

The system was described in the technical press 
(3,2,3,4) at the time manufacture of the steel and special 
components commenced. Descriptions have been given 
previously of various tests, in particular those carried out 
in 1949-50 by the Field Test Unit of the Ministry of 
Works. These tests were referred to by Mr. O. J. 
Masterman in a paper® to this Institution in October 
1950, and were subsequently described in detail by 
Professor A. D. Ross.6 As some.of the earlier appli- 
cations were mentioned fairly widely in the technical 
press’,®,®,1° no repetition of these will be made. 

In the last two years or so there have been many appli- 
cations of the use of this high tensile alloy steel for pre- 


Fig. 1.—Stressing of roof valley beams for B.C.U.R.A. building at Leatherhead 


stressing and some for other purposes, so for brevity it 
will be desirable to restrict mention in this paper to some 
typical and a few special applications of technical 
interest. These examples are grouped roughly in the 
following order:—buildings, miscellaneous structures, 
strengthening existing structures, and new bridges. 


Minimum Economic Length for Post-tensioning 


In common with other systems of post-tensioning 
there is a lower limit of length of member below which 
the cost of the end anchorage and the stressing operation, 
being virtually constant, makes it uncompetitive com- 


*Paper to be vead before the Institution of Structural Eppinstrs 
at 11, Upper Belgrave Street, London, S.W.1. on Thursday, 
11th December, 1952 at 6 p.m. 
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pared with other materials of construction. Generally, | 
below this a limit, which varies between 15 and 


prestressed concrete. As in the case of becras. the ‘at 
may have only half the weight of concrete for equal 
carrying capacity, and in the case of hollow poles about a 


length difficult to indicate more than very roughly. Pre= 
tensioned concrete, precast in a factory specialising in” 
this. class ay work also becomes cheaper than post= 


delivery distance particularly, and to the other usual 
factors affecting cost, so that it is usually cheapest, pro= 
vided there is enough repetition, for all short members. 


ka 
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The post-tensioned concrete, however, has a clear- 
almost undisputed field of lowest cost for an ever- 
increasing variety of concrete members subject to bend-_ 
ing where the length of the member exceeds the greater of 
the rough length limits just mentioned. Where the. 
shear is great or the span is great, post-tensioned concrete 
has a definite cost advantage. Notwithstanding that— 
generally if there is a large amount of repetition of short 
members, pre-tensioned units made by a “ long-line ’” 
method will normally be cheaper, post-tensioned con-— 
crete members of even quite short length can be com- 
petitive in certain applications. ~ 

As an example of the ability of post- -tensioned con-— 
crete to compete in factory-made members of short 
length with a fair amount of repetition might be cited 5 
3 


a 


“~~ 


ollow-tubular-concrete members post-tensioned with a 
entral bar and used as lighting standards and trans- 
mission poles. Of shorter length, production of post- 
ensioned concrete railway sleepers in Germany. might 
re mentioned. 

a 

- Buildings 

Although post-tensioned concrete members are made 
o a large extent in factories making other pre-cast con- 
ete products and no expensive plant or equipment is 
ieeded for this, it is natural that in many cases where 
uitable aggregates are available locally that the pre- 
itressed concrete should be made at the site. Making up 
nembers at the site from factory-made units is an alter- 
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_ Fig. 2._Section of roof beams in extension to the works 
‘ of the Bristol Stone and Concrete Company 


fative. Apart from the forms, the sides of which are 
usually re-used almost daily, and some portable stressing 
equipment, no special plant is needed. Fig. 1 shows pre- 
stressed roof beams being stressed preparatory to being 
sent to the site and hoisted into position. The author is 
indebted to Messrs. C. W. Glover & Partners, the Con- 
sulting Engineers responsible for this work, for this 
illustration. Fig. 11 shows another example of beams 
made at a pre-cast concrete factory. These beams 
are a typical example of comparatively small. pre- 
stressed beams made in sections and subsequently 
jointed and stressed. The section of the beams is shown 
in Fig. 2, the clear span being 25 ft. and the design load 


a 
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; Fig. 3.—Prestressed roof beams 


{including a dead weight of 1.4 tons) was 9.5 tons. Beams 
f a similar size are shown in Fig. 3 and were made at a 
‘precast concrete works in Hertfordshire for delivery to 
Coventry. As an example of small beams Fig. 4 shows a 
umber being stressed by the London Co-operative 
Society, the length being 20 ft. 

_ Fig. 5 shows prestressed 3-hinged frame members 
forming the skeleton framework of a new church in the 
Bristol area. There is a hinge at the apex and the 
‘rangement of the bars is shown in Fig. 6. ; 

~ This is a case, like portal frames, where site stressing is 
used to connect together pre-cast units, which in some 
sases are already pre-stressed. ans ss 
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‘While post-tensioning. of short members is not 
generally competitive it is sometimes economical because 
it enables parts of frames to be stressed together at the site; 
it also allows members made up of a number of blocks 


Falco Rae | 


Fig. 4.—Small roof beams made and stressed by the 
London Co-operative Society 


to be assembled and stressed at the site. In the case of 
the reconstruction of Yarmouth South Town Station by 
British Railways, Eastern Region™ an interesting com- 
bination of different methods is being used. Fig. 7 shows 
a cross-section and for the single cantilever members the 


Fig. 5.—Prestressed 3-hinged frames in new church at 
Bristol 


Freyssinet system is to be used, while the remaining pre- 
cast units are to be pre-tensioned and also factory made, 
The final assembly and stressing at the site is being done 
with the high tensile steel bars now being discussed. 


Long-span Floors 
While for precast concrete floors ordinary hollow rein- 
forced concrete is generally more economical than pre- 


sha ee, 
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stressed coticrete below about 15 ft. span, the weight of viously existing to have large spans either poured in 
precast concrete floors increases for greater spans and place or precast without excessive dead weight and high” 
pre-tensioned concrete is being increasingly used for cost. Theoretically, that is to say considering the 
greater spans. Post-tensioned precast concrete floors stresses alone, it is possible to have post-tensioned floors 
are also competitive for spans over 20 ft. and for con- of spans up to 4o ft. with a depth not exceeding Io in., 
siderably greater spans give an opportunity not pre- assuming a hollow construction as either Fig. 8a or 8b. 
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Detail of Frame 
Fig. 6.—Detail of 3-hinged prestressed frames shown in Fig. 5 
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‘hese spans’so as not to exceed a span to depth ratio of 30, 


»xcept in cases where it is known to be impossible for 
‘here to be live load applied and reapplied rhythmically 


with each application of the load. With further 
experience of the natural frequencies and natural 
lamping of longer span floors of this type it is possible 
that their use will increase noticeably in the near future. 
In the case of flat roofs, these precautions are not so 
important, but with both large span floors and roofs it is 
more economical in steel and generally also in cost to use 
a type of construction that is light (for example a ribbed 


os 


Fig. 8._-Altern ative types of post-tensioned 
long span floors and roofs 


type of floor) but not over shallow in constructional 
depth. . 

_ Asan alternative to the use of precast prestressed con- 
Recta floors and roofs in which only a thin concrete or 
cement and sand screed finish is needed to complete 
the structural unit, reference should be made to the recent 
tendency to use prestressed precast concrete shallow 
units which act as combined formwork and temporary 
upport for a greater thickness of less expensive poured- 
-place concrete which when set and effectively keyed to 
the prestressed soffit will carry the live load. In Fig.9 


“Fig. 9.—Composite construction—precast prestressed 
Ss soffit before placing of situ concrete 


it he 


are shown units of this type developed by Mr. F. J. 
Samuely, and which have been fully described by him 
elsewhere.1" 


-_ 


rei Miscellaneous Structures 


High tensile alloy steel bars are also being used for an 
acreasing variety of miscellaneous structures apart from 
ildings ; in the case of the newly constructed wind 
tunnels for the N.A.E., designed by the Structural 
Engineering Division of the Ministry of Works, columns 
of cross-section shown in Fig. ro were prestressed each 
wil \ four bars of § in. diameter. 
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However, in the author's opinion it is desirable to limit 


0 as progressively to increase the elastic deflections. 
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The 4oft. high hose drying column shown by Fig, xz is 
an example of a member with several bars where 
stressing was done partially on two bars first and raised 
after similarly stressing the other pair of bars. In 
Fig. 12 which shows the stressing; it will be noticed 
spare adapters are used and left on the first pair 
of bars stressed to enable the jacks to be easily applied 
successively to pairs of bars and the stress raised a part at 
a time. 


Circular Prestressed Tanks 


Although for circular tanks the Preload method of 
wrapping with wires by a travelling apparatus is ap- 
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Fig. 10.— Details of columns in wind tunnel at Bedford 


parently impossible to equal for large size tanks, for 
tanks of smaller diameter bars can be used very com- 
petitively because there is no plant required other than 
the standard type of prestressing jack. Fig. 13 shows a 
design for tanks in South Africa which have not yet been 
constructed. Naturally the saving in man hours in 
placing and stressing of the steel by the use of bars 
instead of wires can show in favour of the use of bars 


Fig. 11.—40 ft. high hose-drying column being stressed. 
The roof beams shown were also prestressed on this 
system 


where the comparison is with wires placed by hand. 
Where the wire is placed into position mechanically the 
rate of fixing the wire can come as low as 12 man hours 
per ton of wire fixed and stressed. For the circum- 
ferential stressing therefore, bars can only be expected to 
show a cost advantage over wire in the smaller sizes of 
tanks, although per ton of prestress the cost of 
bars is, as in other uses, generally lower. For the 
vertical prestressing of the tank walls, however, bars can 
be economically used for any size of tank, and Fig. 14 
shows bars in tank walls, a number of large circular tanks 
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having been prestressed this way in the United States. 
These bars are coated and placed in position before the 
concrete and stressed from the top after hardening of the 
concrete. The technical disadvantages of “ slip-rods ”’ 
do not apply in a case like this because it is a practical 
impossibility to obtain more than the design hydrostatic 
pressure and increase of the moment beyond the design 
figure being virtually impossible, cracking of the concrete 
is impossible, as of course it should be with any water- 
retaining structure. 


While in America the tendency is to coat bars where 
this can be done without loss of performance, the author 


Fig. 12.._Stressing of the hose-drying column 
shown in Fig. 11 


favours wrapping in similar cases, the wrapping being 
preferably of a type which will compress slightly as the 
concrete shrinks without forming any grip on the bar. 
There are no practical difficulties in using the alloy steel 
bars as slip-rods, but grouting in of the bars is the re- 
commended practice, and there is little difference in the 
cost. 


High Tensile Steel for Tie-bars 


For tie bars an alloy steel having an ultimate tensile 
strength of 70 tons per sq. in. naturally has great 
possibilities, especially as there is no appreciable 
yield until about 0.85 of the ultimate strength. Assuming 
a working stress of the order of 32 tons per sq. in., this 
gives a working steel stress of practically four times the 
working stress on mild steel tie-bars, and in addition the 
use of the high efficiency couplers and nuts leads to 
further economy by reason of the avoidance of jumped- 
up ends or the alternative of designing the tie-bar on the 
net section after threading, which in the case of mild 
steel increases the weight of steel required by 25 per cent. 
and in that way results in the high tensile alloy steel 
saving about 80 per cent. of the weight. 


In some applications this important economy, 
which allowing for the higher cost of the alloy steel is 
still considerable, is fully obtained. An example is the 
anchor ties to sheet piled walls, and in a case of this type 
the adjustment of length instead of being done by the 
usual turnbuckles is made by packing at one of the end 
anchorages when stressing. 


In some cases, however, it is not desirable to use such a 
high stress because the extension under load is pro- 


% The Structural Engin ey 


portionately increased and in the case of ties to 2-hinge 
arches, or ties to structural steel portal frames of spans 
the order of 130 ft., the use of high tensile ties without: 
initial stress requires careful consideration. 


Prestressed tie-bars can however be used very effect- 
ively, using a method thought by the author to have been 
first proposed by Mr. G. O. Kee, A.M.I.C.E. Where the ties 
are to be located in the soil the tie is located in a duct 
formed in the centre of a high strength concrete cylind- 
rical casing and the tie stressed to an initial 30-40 ton 
per sq. in. giving a uniform prestress to the concrete, 
according to the circumstances, of the order of 1,000 to 
2,000 Ib. per sq. in. Subsequent variations in 
load in the tie due to loading on the arch or 
portal frame then only cause strains commen- 
surate to the concrete stress, of any desired low 
value. 


Prestressed Piles 


Prestressed concrete piles are being in- 
creasingly used ; they have been made for some 
time pre-tensioned on the long-line method, 
particularly in Sweden and this country, and 
post-tensioned on the Freyssinet system, par- 
ticularly in France and in this country. In the 
latter case,: the removal of the cone and 
anchorage at the pile head, for example if the 
pile is to be shortened or is damaged during 
driving, makes little or no difference to the 
performance of the pile, as the wires are grouted — 
in and have a very considerable bond length. ~ 
With pre-tensioned piles practically the same 
conditions apply and the bond length is an even 
greater number of steel diameters owing to the 
use of 14g and 12g wires. 


One point of importance, however, is the 
resistance of the head to impact and the 
avoidance of destruction of the bond particularly at the 
head. The tendency may be to develop new types of — 
pile heads where hard driving is expected. 


Using high tensile alloy steel bars, different advantages 
and disadvantages arise, ; 


In common with other types of prestressed piles, where ; 
the size of the pile is determined from stresses during © 
handling and pitching, the superior strength of the pre- — 
stressed piles enables smaller sections to be used, and in — 
the case of very long piles besides an economy in first’ 
cost the driving equipment can be lighter and the driving — 
itself slightly quicker. One obvious advantage is that — 
piles can be made up in plain concrete sections and the 
whole stressed together with a single central bar, or a ~ 
number of bars according to’the type of pile and the — 
design load, and couplers may be introduced for long 
piles or where driving is to be done with a limited height — 
for pitching the pile. The use of couplers, however, is 


- 


not normally necessary for piles less than 62 ft. long. 7 


For marine use, piles prestressed with bars have in © 
certain cases definite advantages due to the greater 
corrosion resistance of bars of large diameter. However, — 
all prestressed piles have an advantage in this use due to — 
the greater durability of “ crackless’’ concrete. For a 
maximum ultimate strength in bending prestressed piles — 
are preferably prestressed with the maximum possible — 
lever arm, viz., the bars or wires are disposed around the ~ 
periphery of the concrete section. However, for average 
conditions such a favourable combination of advantages — 
over ordinary concrete piles, and low cost, is obtained by — 
using a single bar at the centre and an axial prestress that _ 
this type of pile, either made in one piece or made up 4 
from sections, is likely to be most used in the near future, — 
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a ‘Fig. 15 shows the detail of a ptestressed pile of this 


type in which the resistance to bending stresses in pitch- 


“ing near to the picking up point is increased locally by a 


light cage of mild steel reinforcement. Piles of this type 
_show a great economy in steel required and are superior 
to ordinary concrete piles to the extent that ro in. 
by 10 in. prestressed piles can be compared with 13 in. by 
13 in. ordinary concrete piles normally reinforced. 
Generally the author favours an initial prestress of the 
-order of 1,000 lb. per sq. in. or slightly more, 
giving a final prestress of/0.84 of the initial prestress or 
about 840 Ib. per sq. in. and in determining this factor no 
_ allowance is necessary with the alloy steel bars for end 
_ slip or creep of the steel. It is also of course possible to 
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after completion of driving. However, in the author’s 
opinion, taking account of all future possibilities during 
the life of the supported structure it does not .seem 
generally desirable to remove the high tensile steel and 
leave the piles with no strength in bending. 

Where piles have to be extended, couplers can be used 
to connect on mild steel or high tensile steel bars, and 
where it is desired to anchor down a structure this 
method obviously is useful. 


Tubular Piles 


Where large loads are to be carried or where piles of 
much longer than normal length are needed, tubular 
piles can be made up from a number of sections with the 
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Re re-stress very easily to raise the prestress to the initial 
~ value. 


' Normally, extending the pile is easier than shortening 
" it, and the making of piles longer than the correct length 
_ is generally avoided. However, where piles have to be 
" shortened and particularly in the case of piles over 40 ft. 
_ long, the grout may be expected to hold the bar without 
losing the prestress on the concrete, seeing that there is a 
“pond length generally of 400 diameters or more. In 
some cases of course, once the pile has been driven no 
_ bending stresses on the pile are expected subsequently, 

and following the author’s recent paper In America” 
piles have been tried in California recovering the bars 
a i2-2 a ‘ 
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TYPICAL DETAIL OF ANCHORAGE 


Fig. 13.—Method of using bars for circumferential prestressing of circular tanks 


bars located in the thickness of the shell, as shown in 
Fig. 16. This method obviously is useful and likely to 
prove economical as well as giving a high degree of 
durability for marine use, for example, for piers © of 
bridges, for heavy loads of quays and wharves, and for 
drilling platforms located off the sea coast. Joining on 
additional lengths of tubular piles by the use of couplers, 
may be done to save utilising extremely large pile frames, 


Strengthening Existing Bridges 


While the high tensile alloy steel was developed parti- 
cularly for prestressing concrete, the use of it for strength- 
ening existing bridges both of cast iron and steel is in 
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some cases economically very advantageous, and has the 
further advantage of generally permitting the strength- 
ening to be done without putting the bridge temporarily 
out of use. Owing to the substantial diameters, the bars 
do not normally need more than ordinary paint pro- 


Fig. 14.—Bars used as vertical prestressing units i 
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of the a iron Beas afd alchough Snty short lengths 
were involved, couplers were used to permit of easier ~ 
placing in position. Other bridges have’ since been — 
strengthened in this way, including some by British a 
Railways. 
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Fig. 15.—Detail of pile prestressed with single high tensile bar ’ 


Fig. 16.— Details of prestressed tubular pile a 
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tection. In Fig. 17 is shown the strengthening of a small 


road bridge in Yorkshire by the West Riding County 
Council, the existing beams being of cast iron and con- 
sidered to be over-stressed. The high tensile alloy steel 
bars were added to these beams one each side of the web® 


Prestressing of the tension booms of lattice girders o: 
structural steel bridges can be done where needed to — 
increase their strength, particularly in cases where the | 
‘compression boom may be strengthened correspondingly 
in some other way or does not need Strene thesia Cas 
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of this type differ from the proposals recently tade by 
Professor Magnel for achieving economy in steel by the 
prestressing of new lattice girders, in that there is no 


ing bridge before strengthening, though in common with 


¥ : 


Fig. 17.—-Cast iron beam 


_actual increase in deflection as compared with the exist-— 
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tnild steel. The ecotiotmy, the effectiveness and the 
possibility of doing the strengthening without serious 
Interruption of the use of a bridge, however, all favour 
strengthening by prestressing and in the case of a lattice 
girder of 160 ft. span, the method of inserting the pre- 


bridge, strengthened by prestressing with 
high tensile bars 
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“the principles so well analysed by Professor Magnel in 
that paper,!* the introduction of any prestressing steel 
whether it be bars or wire as part of the load-carrying 
‘structure does lead to an increase in the strain, and there- 
fore the deflection, as compared with an equal amount of 
strengthening provided at a lower working stress, say by 


Fig. 18.—Method of strengthening tension boom of 160 ft. span lattice girder 
by British Railways, Western Region 


stressing steel is shown diagrammatically, by courtesy of 
British Railways, Western Region, in Fig. 18. 
New Bridges 


Developments in prestressed concrete bridges, even if 
restricted to the use of high tensile alloy steel bars, would 
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alone justify a paper of unusual length, and it will be 
desirable therefore merely to touch upon a few matters of 
technical importance and include references to a few 
examples of bridges recently completed or now in hand in 
which these points arise. Generally speaking, pre- 
stressed concrete is inherently one of the best materials 
obtainable for bridge construction, and this of course 
arises primarily from the advantages of “ crackless ”’ 
concrete and the very low maintenance and long life that 
we have every reason to believe will follow from its use. 
Apart from that, however, in another major respect 
prestressed concrete is particularly suitable for bridge 


Fig. 19.—50 ft. span footbridge constructed by Lindsay 
County Council 


construction. This is owing to its great resistance to 
fatigue arising from repetitions of application of live load. 
This may seem curious to metallurgists and those civil 
engineers familiar with the reduced resistance to fatigue 
of high tensile steels such as 0.8 Carbon steel cold-drawn 
wire. The alloy steel bars having a lower carbon content 
and a greater ultimate elongation have some advantages 
over plain carbon cold-drawn wire in this respect, but the 
reason why prestressed concrete has a greater resistance 
to fatigue than either structural steel (riveted or welded) 


alteration of stress at all, unless the grout should be so_ 
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tension of the steel belate the Baty is brought into use 
by some 3 or 4 tons per sq. in., so that applications of the 
full design live load do not raise the steel stress even back " 
to what it was when initially tensioned. Further, this 
variation of stress occurs at a point of maximum moment, _ 
which may for example be the mid-span, and at the end — 
anchorages with the bars grouted in there cannot be any © 


imperfectly done that it will not even transfer 1 ton per 
sq. in. steel stress in a length from mid-span to the end, 


Fig. 20._-Precast sections for 34 ft. span footbridge for 
Thames Conservancy 


which may vary from 100 to several hundred bar — 
diameters. If the grout should fail, or if it should have 
been omitted, there will be variation of stress in the end — 
anchorages at each application of the live load, but for — 
uniformly distributed load this will only be two-thirds 
the stress variation previously mentioned, ie., of the 
order of two-thirds of 1 ton per sq. in. 

The range of the alteration of steel stress is of course — 
m times the variation in the stress of the concrete — 
immediately adjacent, m being taken at the value for 
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Fig. 21.—Typical cross-section of steel girder and precast prestressed concrete deck bridge 


bridges, or ordinary reinforced concrete, is that the 
variations in stress in the steel due to application of the 
live load are, by comparison and in fact, extremely small, 
while in other forms of construction the live load often 
doubles the steel stress. In a typical case, the change of 
steel stress in a bar initially tensioned to 42 tons per sq. 
in. is only of the order of 1 to 44 tons per sq. in., and in 
considering this it must not be overlooked that the loss 
of prestress by. shrinkage and creep of the concrete, 
averaging 16 per cent., will normally have lowered the 
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instantaneous loading, and in a typical case, assume 
the dead load is acting continuously, the variation in con- 
crete stress at the level of the bars at the point of maxi- 
mum moment does not generally exceed 500 lb. per sq. 
in. Young’s modulus of the alloy steel is close to — 
25 million and does not vary from this below a steel — 
stress of 60 tons per sq. in. The instantaneous value of — 

E for concrete subjected to repeated alterations of live © 
load, such as train axles passing over a short span bridge, z 
may be close to6 x 10° lb. per sq. in. giving a value e 
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of slightly over 4, and taking 5 as a safe figure the vari- 
ation in steel stress at mid-span will usually be of the 
order of 2,500lb.persq.in. at 

There is every reason to believe therefore that pre- 
‘stressed concrete when properly designed will give a very 
high degree of resistance to fatigue, and as far as the 
author is aware there is no evidence that has come to 
hand since the introduction of prestressed concrete to 
bridges on which any information has been obtained to 
throw any doubt on this. 

Nevertheless it is, in the author’s opinion, desirable to 
grout in all bars in bridges to ensure that variations of 
steel stress are not needlessly transferred to end anchor- 
ages even although by the use of slip-rods or uncased bars 

' the variation in stress in this case is generally of the order 
of two-thirds (or occasionally slightly less) of the change 
of steel stress at mid-span of fully bonded bars. More- ie oak a 
over, in many cases economy can be obtained and the cost agen we 
of forming ducts avoided by using exposed bars at the ; % " 

_sides of beams through all the middle part of large spans DSR Rcllea se Wesiece Raton, pris’ ie 
and disposing the bars so that they enter into grouted spans ; 
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“ nd 9ON® LONGITUDINAL MACALLOY BARS | 
f Details of Beam End All Macalloy Bars in Bridge are 1} in. dia. in 1# in. dia. cavities Bridge Section 
Fig. 23.—160 ft. span through-type underline railway bridge over the River Don, near Rotherham 


ducts in the 10 ft. or thereabouts at each end of long 
" : spans. This is of course different to the method which 
ue Se has been used in Germany by Finsterwalder in trussing 
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concrete members and applying a prestress by means of 
em SiR ecu bars generally well below the level of the concrete 
“WRA.210.148 ty oe 3 : || § 7 Y: ( . 
Haan." Pawlete, Prestressed concrete enables very shallow construct- 


ional depths, particularly in the case of small bridges of 
prestressed slab type, subject however to the desirability 
to avoid high ‘span/depth ratios where the natural fre- 
quency is close to that of likely applications of the live 
load. 

Fig. 19 shows a typical example of a footbridge and the 
slender construction possible. The depth of construction 
is only g in. for a span of 50 ft. Fora towpath bridge on 
the River Thames Fig. 20 shows a precast prestressed 
bridge of the double cantilever type prestressed pre- 
paratory to being taken to the site. Precast prestressed 
concrete slabs have been recently brought into use by 
British Railways, Western Region, for the renewal of 
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Fig, 24.-The River Don railway bridge under con- itis : ; 
ie gtebetin showing soft rubber at er aawatic tubes existing bridges in cases where the work has to be 
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carried out in the minimum time, Fig. 21 gives, by 


courtesy of British Railways, a typical cross-section of a - 


under-line bridge in which the steel girders are provided 
with connections for bolting in position individual 


Fig. 25.—Rolling and rocker bearings for one end of the River Don bridge 


slabs as they are placed in position by a locomotive crane. | 


In some other cases British Railways, Western Region, 
are renewing short span bridges by precast prestressed 
slabs spanning from abutment to abutment, as shown in 
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Fig. 26.—Cross section at mid-span of one of the 500 
beams used for Leyton Marshes Culvert 
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Fig. 27.._Leyton Marshes Culvert—Beams in position 


Fig. 22, and with this type the kerb is precast with the 
deck, Where prestressed slabs have short spans of this 
order, it is of course most desirable to ensure complete 
bonding of the bars by grouting after stressing at least 
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one sreale Beto any applications of live aaa and in this — 
particular case, grouting is done at the precasting works 
well prior to handling for despatch to site. Where slabs — 
of this type have a number of prestressing bars the order 
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Fig. 28.—Lower Tampa Bay Bridge, Florida—Location — 
plan 


of stressing needs to be arranged to avoid any large 
temporary variations in stress across the section, and 
addition it is generally necessary to provide transve 
reinforcement, which may often be cold drawn wee ed 
mesh, both top and bottom of the slab to take the te 
stress across the slab produced by the longitudinal DI 
stress. This transverse reinforcement is normally 
determined from the prestress and Poisson’s ratio, ba 
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’ in either case, the time for completion at the time this 


- contract was put in hand was in favour of prestressed 
concrete ; in normal times it would probably have been 
in favour of structural steel lattice or plate girders. A 
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_ In the example shown by Fig. 23 of the 160 ft. span. 


single track railway bridge over the River Don near 
Rotherham, although additional side clearance is pro- 
vided, the deck slab is only ro} in. thick, and this may be 
compared with similar deck slabs of ordinary reinforced 


concrete with which the author has been concerned 


earlier, of the order of 18 in., both being on the basis of 


20 unit loading and usual impact allowances. 

' . This is possibly the largest span prestressed rail bridge 
- constructed to date. 
_ on the one hand of allowing for high flood water level, and 
_ on the other the avoidance of raising the railway level, 
' dictated the through type of prestressed girders used. 


In this particular case the necessity 
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some 500 beams 57 ft. long placed side by side are being 


used, designed to take a thin earth cover and full 
Ministry of Transport highway loading. Transverse 
prestress is used connecting every 20 beams together with 
an expansion joint between each block. : 

This construction was an alternative to normal rein- 
forced concrete with a centre support halving the span of 
the beams, and as compared with the reinforced concrete 
on half span the tenders were practically the same. By 
courtesy of the Lee Conservancy Catchment Board, a 
cross-section of one of the beams is shown in Fig. 26 and 
of the beams placed in position in Fig. 27. The initial 
stress was the usual value of 42 tons per sq. in. and the 
concrete specified in this case, slightly lower than the 


usual 28 day cube strength requirement, at 5,500 Ib. per 


sq. in., the design resisting moment being 5,200,000 Ib. in. 
One of these beams was tested by the Cement and Con- 
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Fig. 29: Lower Tampa Bay Bridge, Florida—details of prestressed construction 


Normally, of course, it would have been more economical 
to have been able to place the main beams below the deck 


slab. Nevertheless, the estimated saving in cost of the 


whole bridge, including the pile foundations and abut- 
ments, is not less than £7,000 by using prestressed con- 
‘crete instead of structural steel, and although the piling 
and the abutments require the same type of construction 


view of the deck slab ready for concreting, and the pneu- 


- matic rubber tubes forming the ducts for the main bars in 


the girders and the soft rubber tubes for the transverse 
bars are seen in Fig. 24. The combined rocker and 
roller bearings shown by Fig. 25 are to carry a vertical 


~ load of 300 tons and allow for the ? in. movement due to 


stressing, apart from the usual temperature movement. 
fs ? ‘ 
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Leyton Marshes 1,000 ft. Culvert 


. For roofing over a length of slightly more than 1,000 ft. 


‘of the flood diversion channel of the River Lea in Essex, 


crete Association, and the test is being described else- 
where, so it is probably only of immediate interest now to 
mention that the ultimate strength was almost exactly as 
calculated after allowing for the much superior 28 day 
concrete cube strength of around 7,100 lb. per sq. in. 
which was actually obtained. The test verified the 
ultimate strength as equivalent to dead load plus 2.4 
times the full M.o.T. highway loading and the failure 
took place in the concrete as expected, none of the bars 
being broken, the end anchorages being, as expected, 
quite unaffected. One interesting point revealed by the 
test was the completeness of the grouting in of the bars 
after the stressing, and the adherence of the grout to the 
main concrete. 


Tampa Bay Bridge 


Of various projects abroad, need to limit the length of 
this paper has necessitated only trifling reference. The 
15 mile long toll bridge across Lower Tampa Bay in 
Florida is, however, of more than usual interest. The 
first section of about four miles was designed and con- 
tracts arranged before prestressed concrete was 
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considered... The bridge which (as shown by Fig. 28), 
crosses the sea for most of its length, was originally 
designed to have. 36 ft. ordinary reinforced concrete 
spans supported by pile trestles for the majority of its 
length, with steel lattice girders (for a length of 5,621 ft. 
including one of 864 ft. span) at the main ship crossing, at 
which point the headroom is 150 ft. At another point a 
double leaf bascule bridge is provided. After the con- 
tract was placed for the main Northern section, alter- 
native designs were invited in prestressed concrete for 
the Southern main section of the bridge covering one 
length of 10,896 ft. and another of 585 ft. totalling 
slightly more than three miles, which .with another 


Fig. 30.—Lower Tampa Bay Bridge, Florida—Test girder during stressing operation” 


shorter section of 672 ft. on the South side of Terra Cela 
Island, made the total length for which prestressed con- 
crete was considered 17,400 ft. Of the three alternative 
prestressed designs, that shown by Fig. 29 was adopted, 
based on the original reinforced concrete design of 36 ft. 
“used in Sections A and B at an estimated nett saving over 
the normal reinforced concrete scheme of $144,000. This 
design was based on trestle centres and spans of 48 ft. so 
that with six prestressed beams to each span the total 
number of beams is 2,178. _ It will be seen from Fig. 29 
that a transverse prestress is provided. The prestressed 
beams were designed to support the deck slab until it had 
hardened and the combined construction designed to take 
U.S. H-20 loading with a calculated factor of safety in 
terms of live load of 3.9, the dead loading being con- 
sidered unalterable. 

One of the first beams made was tested to destruction 
and showed a factor of safety, in terms of the live load, 
of 5 and another of the beams was unaffected by a shear 
test which was equal to four times the design live load, 
plus unit dead load. 

When completed this is expected to be the longest 
prestressed concrete structure in the world. 
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GENERAL MEETING 


A General Meeting of the Institution of Structural 
Engineers was held at 11, Upper Belgrave Street, London 
_§.W.1. on Thursday, October gth, 1952, at 6 p.m., when 
the Presidential Address for the Session 1952- 1953 was 
given by: Mr. FE: Granter, B.Sc.(Eng.), M.LC.E., 

eM LE Struct. EF. 
_ The Secretary read.a letter from the retiring President, 
- Mr. Walter C. Andrews, O.B.E., M.I.C.E., M.I.Struct.E. 
expressing his regret at being prevented by illness from 
' attending the meeting and conveying his good wishes 
be to ye Granter for a happy year of orfice. 
J. E. Swindlehurst, O.B.E., M.A., M.I.C.E. 
Pitmnaiediiic Past President) was in the Chair. 

It was agreed that a message be conveyed to the 
President wishing him a speedy recovery. 

The Chairman welcomed the guests who were present 

' and presented the following medals and awards for the 
_ Session 1951-1952 :—  * ~ 

Institution Bronze Medal to Lt. Col. G. W. Kirkland, 
M.B.E. (Member of Council) for a paper on “‘ Design and 
_ Construction of a Large Span Pre-stressed Concrete 
Shell Roof.” . 

i Research Medal to Dr. P. W. Abeles for a paper on 
_“ Breaking Tests on Three Full Size Pre-stressed Con- 
; - crete Beams.”’ 
_ Research Diploma to Mr. W. Shearer Smith for a paper 
n ‘‘ Cold Formed Sections in Structural Practice with a 
_ proposed Design Specification.” 
‘Research Prize to Mr. O. J. Masterman, for a paper on 
“ Pre-stressed Concrete Developments at the Field Test 
_ Unit, Thatched Barn.” 
_ After some introductory remarks regarding Mr. 
_Granter’s career and his work for the Institution, the 
Chairman invested him with the Presidential Badge. 
_ Mr. Granter then took the Chair and called on Mr. G. 
' BB. R. Pimm, M.1L.C.E., M-I.Struct.E., (Past President) 
Beand Lt/ Col. H.-S, Rogers, C.M.G.; D.S.O,, M.L-Struct.E., 
; (Past President) to propose and second a vote of thanks 
' to Mr, Walter C. Andrews for his work as President of the 
_ Institution during the Session 1951-1952. 
_. The vote of thank was carried and Mr. Granter then 
_ gave the Presidential Address for the Session, which is 
: B eiited | in this issue. 
' At the conclusion of the Address, a vote of thanks to 
_ the President was proposed by Mr. F. S. Snow, M.I.C.E., 
_ M.1.Struct.E., (Past President) and seconded by Mr. W. 
Bee Wallace, €.B-E* MICE. M.I-Struct.E.;. (Past 
- President). This was carried ‘by acclamation. The 
_ President responded and the proceedings then termi- 
_ nated. 
' .. ORDINARY GENERAL MEETING 
An Ordinary General Meeting of the Institution was 
‘i held at 11, Upper Belgrave Street, London, S.W.1., on 


| Thursday, October 23rd, 1952, at 5.55 p.m., Mr. E. 


Beeronter. B.Sc.(eng)) oME.CE., MLL. Struct. j aa 
P (President), in the Chair. 
E The Minutes of the Ordinary General Meetings held on 


May 22nd and June 26th, 1952, as published in the 
_ Journal, were taken as read, were confirmed and signed, 
; The following members were elected in accordance 
& with the Bye-Laws. Will members kindly note that the 
_ elections as tabulated below, should be referred to when 

pcpaetine the Year Book for evidence of membership. 
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FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1. 


_ Bridges and other Structures.” 


‘only, 5 p.m. 


Mee oe eure 


The Structural Engineer ‘ 


T hursday, Dastiibir rth, 1952 

Ordinary Meeting, 6 p.m. Mr. Donovan H. toot 
B.Se.; M.1.¢.E.,"M.EMech-E:, M.Am.Soc,C.E. (Member — 
of Council) will give a paper on ‘‘ Prestressed Concrete — 


Thursday, December 18th, 1952 a. 
Ordinary General Meeting for the election of members — 4 


Thursday, January Sth, 1953 “ 

Joint Meeting with the Reinforced Concrete Associ- 4 
ation, at 6 p.m., when Colonel A. R. Mais, O. B. E., T:.Ds& 
and Mr. A. C. Little will give a paper on “ The Con. 
struction of Eight Prestressed Concrete Tanks.” 


Thursday, January 22nd, 1953 

Ordinary General Meeting -for the election of members, ~ 
5.55 p-m., followed by an Ordinary Meeting at 6 p.m., — 
when Mr, B. A. E. Hiley, M.1.C.E., (Member of cam 4 
will give a paper on “ Electricity Generating Stations.” — 


Thursday, Fetruary 12th, 1953 e 
Ordinary Meeting, 6 p.m., when Dr. F. G., Thomas, a 
M.1.C.E. (Member of Council) will give a paper on.‘ ‘The © 
Strength of Brickwork.”’ : 


Thursday, February 26th, 1953 g 

Ordinary General Meeting, for the election of members, a 
5-55 p.m. followed Ey an Ordinary Meeting at 6 p.m., ~ 
when Mr. P..L. Capper, T.D., M.Sc., A.M.ICE,, (Member 
of Council) will give a paper on “Soil Mechanics in © 
Relation to Structural Engineering.” "i 


Members wishing to bring guests to the Ordinary) 4 
Meetings announced above are requested to apply to the > 
Secretary for tickets of admission. a 


OBITUARY 


The Council regret to announce the death on October 
16th, of Mr. Albert S. Spencer (Retired Member). — 
Mr. Spencer was 71 and was elected to Membership of the © % 
Institution in 1922. He was a former Council member — 
and was Chairman of the Lancashire and Cheshire 
Branch in 1922-1923. 

HONOURS AND AWARDS a 

In offering their sincere congratulations to the follow- — 
ing member on the distinction recently conferred upon Be 
him, the Council feel that they are also expressing the : 
good wishes of the Institution. SS 


ORDER OF THE BRITISH EMPIRE—M.B.E. 
Mr. F. J. Green (Member). 


The closing date for the receipt of entries for the next pe 
MacLachlan Lecture Competition will be Tuesday, 
March 31st, 1953. Particulars of the Competition are: 4 
as follows :— 

1. The Institution of Structural Engineers shall. 2 
institute a written lecture to be known as the MacLachlan © 
Lecture and to be held annually. “a 

2. The subject of the Lecture may be on any aspect _ \ 
of Structural Engineering so long as in every second 
year the subject shall be confined to steel structures. 3 
(1953 is one of these years.) a 

3. Entrance into the competition for the Lecture : 
shall be confined to Associate Members of the Institution, p 
who are under the age of 32 years. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed. by the 
Council of the Institution, and all such papers (including 
the prize-winning Lecture) shall be available for public 
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‘ en in one Journal of the Institution at the discretion - 
oftheCouncil, 

5. No paper Sng eee shall have been published or 

read elsewhere. : 

6. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 

which he will be presented with the sum of £17 ros. od. 

_ 47. Should a competitor’s paper be considered worthy 
‘of ranking second in merit he will receive a consolation 
award of £5. 

8. In the event of there being no winner of the 
_competition in any one or more years, whether because 
no lecture submitted is considered to be of sufficient 
merit to warrant award, or for any other reason, the 
Institution shall transfer these sums to the Research 
Fund of the Institution. ; 


DRURY MEDAL AWARD 
' The fourth competition for the above award will take 
place in 1953. The subject is the design of the structure 
_ of a new factory building. The material of construction 
is entirely at the choice of the competitor. The compe- 
tition has been designed to encourage ingenuity of 
structural arrangement. Economy in the use of steel is 
an important feature of this year’s competition. 
Graduates and Students of.the Institution who wish 
‘to compete are invited to apply for full details to the 
Secretary ; envelopes to be marked in the top left-hand 
corner, ‘‘ Drury Medal Award.”’ 
_ The closing date for the competition is October Ist, 
1953. 
The general conditions of the competition are as fol- 
lows :— 
_ 1. The competition shall be for Graduates and 
' Students of the Institution of not more than 25 years 
_ of age. 
2. The subject of the competition shall be a design of a 
- structural character, that is to say, primarily structural 
design, not planning. 
3. The subject of design and conditions shall be 
prepared and issued biennially by a group of five mem- 
_ bers appointed by the Council. 
' 4. The Literature Committee shall appoint a Jury of 
_ not less that five to examine the works submitted and 
' to interview candidates, if found necessary. 
-' 5. In order to show that the work submitted is solely 
' the work of the competitor, the documents submitted 
shall be countersigned by a corporate member of the 
_ Institution, or failing this, shall be accompanied by a 
_ declaration on a prescribed form signed by the candidate 
_ in the presence of a Justice of the Peace or a Commis. 
, sioner for Oaths. 


' LONDON GRADUATES AND STUDENTS SECTION 
: The next meeting of the Section will be held at 11, 
Upper Belgrave Street, London, S.W.1., on Tuesday, 
_ December gth, at 6 p.m., when a film on “© Takoradi Dry 
“Dock” will be shown by courtesy of Messrs. Taylor 
' Woodrow. This will be followed by a talk on the project 
' by arepresentative of the contractors. 
> Hon. Secretary: C, Allen Brown, 43, Coolgardie 
' Avenue, Highams Park, London, E.4. 


4 CORRIGENDA 

~ September issue. 

ag Page 224, col. 1, lines 7 and 8. The equation should 
_ Tead : — 

F : Mut = -9 X @ X As X tutt 

‘line I2. _ The equation should read :— 

Ven, d=%D 

_ March issue. 

Page 71. The initials of the reviewer of the book 

hy Moving Forms ” by L. E. Hunter should read “ C, P.”’ 


‘ E ‘ 
(eg 
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BRANCH NOTICES | 
LANCASHIRE AND CHESHIRE BRANCH _ 
The following meetings have been arranged :-— 


Tuesday, January 13th, 1953 
Joint Meeting with the Institute of Welding, Liverpool 
and District Branch when the 1951 Larke Medal Paper 
on “ Continuous Welded Structures, Abbey Works, Port 
Talbot ’”’ will be given by Mr. W. R. Atkins, B.Sc., 
M.I.C.E., M.Inst.W., at the Liverpool College of Tech- 
nology at A Pl. 


‘Wednesday, January 28th, 1953 
Mr. Ronald Oates (Graduate) on ‘‘ The Structural 
Design of the Medieval Cathedral.” 


Tuesday, February 24th, 1953 


Mr. P. W. Rowe, B.Sc., Ph.D., A.M.L.C.E. on “ De- 
velopments in the Design of Sheet Pile Walls.”’ 


All meetings, unless otherwise stated will be held in the- 
Reynolds Hall, College of Technology, Manchester at 
6.30 p.m. , preceded by tea at 5.45 p.m. 

Hon. Secretary : A. S. Sinclair, A.M.I.Struct.E., 


24, 
Kenwood Road, Stretford, Lancs. ‘ 


MIDLAND COUNTIES BRANCH 
The following meetings have been arranged :— 


Friday, January 23rd, 1953 
Dr. K. Hajnal-Konyi, A.M.1.C.E. (Member) on 
“Recent Applications of Shell Concrete Construction in 
England and Wales.”’ 
Tuesday, February 17th, 1953 
Mr. O. W. Jones, B.Sc., A.M.I.C.E. (Member) on 
“ Reinforced Concrete Foundations and Structures for 
Blast Furnaces and Materials and Handling Plant at 
Shotton, Nr. Chester”? at Kings Hall, Queen Street, 
Derby at 7 p.m. 
Friday, February 25th, 1953 
Mr. N. T. Grant on “ Experiences with Concrete.” 


All meetings, except where otherwise stated, will be 
held in the James Watt Memorial Institute, Birmingham, 
at 6 p.m. 

Hon. Secretary : L. A. Firminger, A.M.I.Struct:E., 
656, Chester Road, Erdington, Birmingham, 23. 


GRADUATES’ AND STUDENTS’ SECTION 
MIDLAND COUNTIES BRANCH 
_ The following meeting has been arranged :— 


Friday, January 30th, 1953 

“Further Recent Midland Structures,’’ Descriptions 
of Rebuilding of Marshall & Snelgrove and C. & A. 
Modes (War Damage), Birmingham Technical College 
(Steel Frame Building) and Grosvenor House, Birming- 
ham (Foundations) at the James Watt Memorial 
Institute, Great Charles Street, Birmingham, at 7 p.m. 

Hon. Secretary : F. G. Fletcher, 60, Brean Avenue, 
South Yardley, Birmingham, 26. 


NORTHERN COUNTIES BRANCH 
The following meetings have been arranged :— 
Tuesday, December 2nd, 1952 
Mr. D. M. Brotton,’ B.Sc., Ph.D. (Graduate) on 
“ Relaxation Methods,’’ at Middlesborough. 
Wednesday, December 3rd, 1952 
The above meeting will be repeated at Newcastle. 
Tuesday, January 6th, 1953 


Joint Meeting with the Institution of Civil Engineers 
at Middlesborough. 
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Wednesday, January 14th, 1953 
Joint Meeting with the~ Northern Architectural 
Association at Newcastle. 


Tuesday, February 3rd, 1953 
Mr. B. A. E. Hiley, M.I.C.E. (Member of Council) on 
“ Electricity Generating Stations,” at Middlesborough. 


Wednesday, February 4th, 1953 
The above meeting will be repeated at Newcastle. 


All meetings will commence at 6.30 p.m., the Middles- 
borough meetings being held at the Cleveland Scientific 
and Technical Institution, Corporation Road, and the 
Newcastle meetings in the Neville Hall, near the Central 
Station. 

Hon. Secretary: O. Lithgow, A.M.I.Struct.E., 4, 
Stoneleigh Avenue, Acklam, Middlesborough. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 


Tuesday, December gth, 1952 
Films : “ Welded Structures’? and ‘‘New Tyne 
Bridge ’’—kindly lent by Messrs. Dorman Long & Co., 
Ltd. 
Monday, January roth, 1953 
Joint Meeting with the Institution of Civil Engineers, 
Northern Ireland Association. Mr. Harold E. Sidwell, 
M.Sc., A.M.I.C.E., on “‘ Reinforced Concrete Building in 
Brazil,’”’ at Queen’s University, Belfast, at 5.45 p.m. 


Tuesday, February roth, 1953 

Annual Dinner and Social Function. 
President and Secretary of the Institution. 
Counties Hotel, Belfast at 6.30 p.m. 

All meetings, except where otherwise stated, will be 
held in the College of Technology, Belfast, at 6.45 p.m., 
preceded by Tea at the Overseas League premises, 
Wellington Place, Belfast at 6 p.m. 

Hon. Secretary: S$. Duckworth, M.LStruct.E., 
“ Lisleen,” 13, Finaghy Road North, Belfast. 


Visit of the 
At Northern 


SCOTTISH BRANCH 
The following meeting has been arranged :— 


Tuesday, Decemter 16th, 1952 


Mr. J. H. Huntley on “ Structural Design of Cranes,”’ 
at the Ca’doro Restaurant, Glasgow, at 6 p.m. 


Hon. Secretary :D.G. Drummond, B.Sc., M.L.Struct.E. 
A.M.I.C.E., 11, Woodside Terrace, Glasgow, C.3. : 


SOUTH WESTERN COUNTIES BRANCH 
The following meetings have been arranged :— 


Friday, January 237d, 1953 
Mr. Leslie Richardson, A.M.I.C.E. (Associate Member) 
n ‘‘ Construction of Two Power Stations in the South 
West.” 
Friday, February 6th, 1953 
Mr. F. R. Bullen, B.Sc., M.I.C.E. (Hon. Curator) on 
‘“ Unusual Design for a large Constructional Shop.”’ 
All meetings will be held at the Duke of Cornwall 
Hotel, Millbay, Plymouth, at 7 p.m. 


Hon. Secretary : E. W. Howells, M.I.Struct.E., c/o 
Messrs. T. L. Harding & Sons, Ltd., 1ro-12 Market 
Street, Torquay, Devon. " 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 
Monday, December ist, 1952 


A meeting will be held at Cardiff at which films will be 
shown. 


_ 4th Congress of the International Association of Bridge 


Stink, Site PCR See > ee By, oa st oe. Semen 


The Si tructural E ngineer 


“Weanesday, Dacenbe 3rd, 1952 - 
A meeting will be held at Swansea at which films will & 
be shown. 
Wetanerias January 2st, 1953 

Junior Members’ Evening at Swansea. 


Wednesday, February 11th 1953 
Mr. D. Manolopoulos (Member) on “‘ Report on the 


and Structural Engineering,’ at Swansea. 


Tuesday, February 17th, 1953 

The above meeting will be repeated at Cardiff. 

Meetings at Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, at 6.30 p.m. 

Meetings in Swansea will be held at the Mackworth@ 
Hotel at 6.30 p.m. 

Hon. Secretary: G. R. Brueton, A.M.I.C. E., 
A.M.1.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. 

WESTERN COUNTIES BRANCH 
The following meetings have been arranged :— 
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Friday, December 5th, 1952 
Mr. P. J. Ward on “ The Design and Erection afm 
Television Masts.” . 
Friday, January 2nd, 1953 . “a 
Mr. F. R. Bullen, B.Sc., M.I.C.E. (Hon. Curator) on ~ 
‘“ Unusual Design for a Large Constructional Shop.”’ 4 


Friday, February 6th, 1953 F 

Mr. F. G. Clarke (Associate Member) on “ Some Local ~ 
Contracts and Welded Steelwork for a Bus Garage.” 4 
Wednesday, February 18th, 1953 a 


* 


Annual Dinner. 4 


All meetings, unless otherwise stated, will be held in — 
the University of Bristol Geology Lecture Theatre — 
(entrance University Road) at 6 p.m., preceded e tea — 
at 5.30 p.m. 

Hon. Secretary : E. Hughes, A.M.1.Struct.E., 39, j 
Effingham Road, St. Andrew’s Park, Bristol, 6. q 


. YORKSHIRE BRANCH 
The following meetings have been arranged :— 


4 
Wednesday, December 17th, 1952 4 
Mr. F. R. Bullen, B.Sc., M.I.C.E. (Hon. Curator) on) 
‘“ Unusual Design for a Large Constructional Shop.” “a 
Wednesday, January 2st, 1953 
Mr. Donovan H. a B.Sc., MTC, 3:3 M.I.Mech.E., 
(Member of Council) o “ Design of Prestressed Con-_ 
crete.” 


Mr. S.. Mackey, M.E., B.Sc.,. PheD., AMILCEL 
(Associate Member) on Secondary Stresses in Steel 
Bridge Girders.” 4 

All meetings will be held at The University, Leeds, at 
6.30 p.m. 

Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 4 4 

a 


Wednesday, February 18th, 1953 ; 


_UNION OF SOUTH AFRICA BRANCH ‘ad 
Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.LC.E.,” 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During ~ 
week-days Mr. Tait can be contacted in the City En-— 
gineer’s Department, City Hall, Johannesburg. "Phone: 
34-1111 Ext. 257. x 
Natal Section Hon. Secretary: E. G. Bennett, ~ 
A.M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., FP; 0. 
Box 49, Merebank, Durban. “J 
Cape Section Hon. Secretary : R. Stubbs, M.I. Stree E., ‘ 
P.O. Box 1692, Cape Town. ota 
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